AD-AU1  106  NORSKS  VERITAS  OSLO 

1  STATISTICAL  description 

1  DEC  80  S  GRAN 

UNCLASSIFIED  80-1171 

OF  WAV 

F/G  13/10 

INDUCED  vibratory  stresses  in  s— etciu 
DTCG23-80-C-20007 
USCG-M-2-B1  NL 

■ 

• 

r 

- 

L 

u 

IU 

1 

It 

— 

II 

■ _ 

AO  Ail  118fi 


REPORT  NO.  CG-M-2-81 4 


STATISTICAL  DESCRIPTION  OF  WAVE  INDUCED 
VIBRATORY  STRESSES  IN  SHIPS 


Sverre  Gran 
Oet  norske  Veritas 


DECEMBER  1980 
FINAL  REPORT  w 


DOCUMENT  IS  AVAILABLE  TO  THE  U  S.  PUBLIC  THROUGH  THE 
NATIONAL  TECHNICAL  INFORMATION  SERVICE 
SPRINGFIELD,  VIRGINIA  22161 


Cor” 

PREPARED  FOR 


U.S.  DEPARTMENT  OF  TRANSPORTATION 
UNITED  STATES  COAST  GUARD 

OFFICE  OF  MERCHANT  MARINE  SAFETY 
WASHINGTON,  D.C.  20593 


NOTICE 


This  document  is  disseminated  under  the  sponsorship  of  the  Department 
of  Transportation  in  the  interest  of  information  exchange.  The  United 
States  Government  assumes  no  liability  for  its  contents  or  use  thereof. 

The  contents  of  this  report  do  not  necessarilv  reflect  the  official  view 
or  policy  of  the  Coast  Guard;  and  they  do  not  constitute  a  standard, 
specification,  or  regulation. 

This  report,  or  portions  thereof  may  not  be  used  for  advertising  or 
sales  promotion  purposes.  Citation  of  trade  names  and  manufacturers 
does  not  constitute  endorsement  or  approval  of  such  products. 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


1.  RtpeM  No 


Technical  Report  Documentation  Pop* 
3  C«r*U|  No 


CG-M-2-81 


4 

T  itU  end  Sub 

lift* 

.1  fT 

S  ta  t 

s t i ca 1  Descr i p 

t  i  on 

of 

Wave  Induced 

Vibratory  Stresses 

in  Ships 

7. 

Author'  s! 

overre  Gran 

* 

Performing  0 

gOT'SO’ion  Npmi  and  Ado>«u 

Det  norske  Veritas 

-  Res 

earch  Division  1 

P.0. 

Box  300,  Hdv i k 

,  N-l 

322 

Oslo, 

Norway 

12 

Sponsoring  Agency  Nome  ond  Add'** 

t 

U.S. 

Coast  Guard  (G 

-MMT- 

VI 

3) 

2100 

Second  Street, 

S.W. 

Wash 

ngton,  D.C. 

20593 

5.  D«<« 

December  1980 


6.  Performing  Org«m go'ion  Co4« 


6  Parformmg  Org#n<  *•»*#«  AofPO'f  No. 

80-1171 


10  Korli  Uni*  No  (THAIS) 


1  I  Contract  or  Grent  No 

DTCG23-80-C-20007 


13  Tyg*  of  Report  ond  Period  Colored 

Final  Report 


•4  Spenftonng  Agenc-  Cod« 


16  AkHroc' 


This  report  contains  general,  theoretical  considerations  of  two  peak 
response  spectra  with  particular  attention  to  wave  induced  bending 
and  springing  stresses  in  ships. 

Relationships  between  periods,  RMS  values  and  spectral  width 
are  discussed. 

Different  representations  of  the  resulting  extreme  value  under 
stationary  conditions  are  considered. 

An  approach  to  the  long  term  description  and  prediction  of  extreme 
stresses  has  been  developed,  and  has  in  part  been  compared  with 
alternative  methods.  Empirical  data  related  to  the  theoretical 
deductions  have  been  attached  in  an  appendix. 


17.  Key  Words 


Springing  stress 
Spectral  analysis 
Statistical  ana  lysis 
Extreme  conditions 


II.  D>  •  trifott**  Statement 


Document  is  available  to  the  U.S.  public 
through  the  National  Technical 
Information  Service,  Spr  i  nf i e 1 d , VA  22161 


ly.  Wtvnty  ClesS'f.  *•*•'*! 

X.  Secvnty  CtotS'f.  (of  peg*) 

21*  Ho.  of  Paget 

Unc 1  ass i f i ed 

Unc lass i f ied 

1^5 

DOT  f  1700.7  9-73) 


Reproduction  •(  pope  OwtNerleed 


Det  norske  Veritas 

Research  Division 


POSTAL  ADDRESS  P  O  BOX  300.  1 322  HO VI X.  NORWAY  TELEPHONE  147(02112  99  55 

CABLE  ADDRESS  VERITAS.  OSLO  TELEX  16  192  VERIT  N 


TECHNICAL  REPORT 


VERITAS  Report  No. 

80-1171 

Subiect  Group 

H2 

Title  of  Report 

Statistical  Description  of  Wave 

Induced  Vibratory  Stresses 

1 

1 

in  Ships 

|  Cl ient /Sponsor  of  project 

U.S. Coast  Guard 

Work  earned  out  by 

i  S.  Gran 

Oate 


30th  December  1980 


Department 

FDIV/ll 


Project  No. 

11  10  DO 


Approved  by 


Harald  Olsen 
Principal  engineer 


Cl  iem /Sponsor  re#. 

Contract 

DTCG  23-80-C-20007 


Reporters  sign. 


/TOy-vO  . 


4  Indexing  terms 


SPRINGING 


SPECTRAL  analysis 


STATISTICAL  ANALYSIS 


EXTREME  CONDITIONS 


Distribution  statement: 

I  I  No  distribution  without  permission  from  the 
—  responsible  department. 


Date  of  last  rev. 

10th  September  19  8J] 


Rev.  No. 
1 


H 


s 


Summary 

This  report  contains  general,  theoretical  considerations  of 
two-peak  response  spectra  with  particular  attention  to  wave 
induced  bending  and  springing  stresses  in  ships. 

Relationships  between  periods , RMS-values  and  spectral  width 
are  discussed. 

Different  representations  of  the  resulting  extreme  value 
under  stationary  conditions  are  considered. 

Fatigue  contributions  from  the  respective  spectral  components 
are  evaluated  and  discussed. 

An  approach  to  the  long  term  description  and  prediction  of 
extreme  stresses  has  been  developed,  and  has  in  parts  been 
compared  with  alternative  methods.  Empirical  data  related  to 
the  theoretical  deductions  have  been  attached  in  an  appendix. 


Limited  distribution  within  Det  norske  Veritas. 

Free  distribution. 

Number  ot  pages 

138 


DM  Mnll  V  vitae  •«>  ItoMllty  Ine  lea*  or  ti>K'  canaad  by  «a  «fam  affWara,  rmplormo  or  <***»*  *k«  #e<  om*m  a* 

LMally  ar  W4  llf)allrl  of  ■  Wtb*’  Um  laaa  n»  dateate  baa  afltetad  a  ablpowalni  rneiptav  a  ablryerd  nr  ol 

a«l  barto«  aay  robVartnal  relttim  *t»b  thr  laelituOwa  he*  tried  or  made  wnsirnmli  In  r*iuac*  on  dwuiooe  made  .. 
C  p.  netting  p*/«4T»i>h.  iw  the  individual  ot  ludinJuels  »*t”  ha»r  peruneallr  '»uee<l  Ut  Ite  i*  >Un»«4'  he  held  (fab I 


•  lb#  JaaiUrti#®  mgarditee  ol  v  briber  rurk  pmotm  baa  M>4  i*ir* 
ben  •>«'  bavr  rrgonled  tbr  InaUVuUons  aaablaaee  or  aay  (bird  vho  *uh 

r  InrotmaUnei  given  by  nr  oei  babaJf  at  tba  laatltoUm  H«*.  la  room  aa - -  - 


L 


■v*.  ■ 


1 


CONTENTS  PAGE 


1.  SUMMARY,  ASSUMPTIONS  AND  CONCLUSIONS  1.1 

1.1  A  preliminary  survey  1.1 

1.2  Basic  assumptions  1.3 

1.3  Conclusions  1.7 


2.  GENERAL  PROPERTIES  OF  A  TWO-COMPONENT  STRESS  SPECTRUM  2.1 

2.1  Basic  variables  2.1 

2.2  Dimensionless  representation  2.3 

2.3  Considerations  of  the  Spectral  Width  2.5 

2.4  Consideration  of  Periods  2.7 

3.  DISTRIBUTION  OF  MAXIMA  UNDER  STATIONARY  CONDITIONS  3.1 

3.1  Exact  distribution  of  local  maxima  3.3 

3.2  Distribution  of  positive  maxima  3.7 

3.3  Approximation  with  generalized  gamma  distribution  3.9 

4.  CHARACTERISTIC  EXTREME  VALUE  4.1 

4.1  Elementary  considerations  4.1 

4.2  Characteristic  extreme  at  arbitrary  springing  share  4.3 

4.3  Extreme  positive  maximum  4.5 

4.4  Relation  to  individual  maxima  4.8 

5.  STATISTICAL  EXTREME  VALUE  DISTRIBUTION  5.1 

5.1  Exact  representation  5.1 

5.2  Narrow  band  approximation  5.3 

5.3  Approximation  with  double  exponential  distribution  5.4 

5.4  Approximation  with  square  normal  distribution  5.5 

5.5  Application  of  distribution  for  positive  maxima  5.7 

5.6  Approximation  with  generalized  jamma  distribution  5.9 

5.7  Discussion  of  alternatives  5.10 

5.8  Dispersion  of  extreme  value  distribution  5.15 


ii 


6.  EXTREME  VALUE  DISTRIBUTION  BY  UNKNOWN  SPECTRAL,  WIDTH 

7.  UNCERTAINTY  IN  SHORT  TERM  EXTREME  VALUE  PREDICTIONS 

8.  FATIGUE  AND  CRACK  PROPAGATION 

8.1  Elementary  considerations 

8.2  Fatigue  under  combined  bending  and  springing 

8.3  Comparison  with  regression  formula 

9.  LONG  TERM  DISTRIBUTION  OF  RMS 

9.1  Distribution  in  a  special  case 

9.2  Distribution  in  general  cases 

10.  LONG  TERM  DISTRIBUTION  OF  POSITIVE  MAXIMA 

10 . 1  Proposed  procedure 

10.2  Rayleigh  short  term  -  Weibull  RMS 


11.  CONCLUDING  REMARKS 

12.  REFERENCES 

APPENDIX  As 

TABLE  OF  POLY-GAMMA  AND  RELATED  FUNCTIONS. 

APPENDIX  B: 

EMPIRICAL  DATA  FROM  FIELD  MEASUREMENTS 


6.1 

7.1 

8.1 

8.1 

8.2 

8.5 

9.1 

9.1 

9.4 

10.1 

10.1 

10.4 

11.1 

12.1 

A .  1 

B.l 


1.  SUMMARY,  ASSUMPTIONS  AND  CONCLUSIONS. 

1.1  A  preliminary  survey 

The  present  report  is  concerned  with  random  processes , the 
power  spectra  of  which  consist  of  two  distinct  peaks.  In  marine 
engineering  such  processes  are  found  in  ships  and  slender  off¬ 
shore  structures  who  exhibit  a  resonant  random  vibration  in 
addition  to  the  semi-static  forces  excerted  by  the  passing  waves. 

With  reference  to  ships  the  resonant  stress  is  termed  springing 
and  corresponds  to  the  two  node  mode  of  vibration.  The  semi¬ 
static  response  is  termed  bending  and  corresponds  to  the  more 
familiar  hogging  and  sagging  stresses. 

The  main  objective  of  the  work  is  to  investigate  how  the  extreme 
stress  in  both  a  short  and  a  long  time  interval  is  influenced  by 
the  mixing  ratio  of  bending  and  springing. 

In  the  short  term  case,  i.e.  under  stationary  conditions,  the 
stress  peaks  are  supposed  to  follow  a  Rice  Probability  distribution, 
which  is  common  for  signals  of  arbitrary  spectral  shape.  The 
distribution  parameters,  i.e.  the  RMS  and  the  spectral  width  in 
this  case  are  simple,  algebraic  functions  of  the  individual  RMS 
and  periods  for  springing  and  bending. 

Once  the  Rice  distribution  of  peaks  is  adopted,  the  short  term 
extreme  stress  is  also  known,  both  in  terms  of  the  characteristic 
value  and  the  probability  distribution.  As  the  exact  extreae 
value  expressions  are  fairly  unsurveyable  there  are  a  number  of 
approximate  formulae  which  give  more  direct  insight  into  un¬ 
certainty,  effect  of  period  estimate  etc. 

The  long  term  case  is  heavily  based  on  certain  properties  of 
the  generalized  gamma  functions. 
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It  has  been  pointed  out  that  there  is  a  logical  relationship 
between  the  Rice  and  the  general  gamma  distributions . (Section  3.3) 
By  short  term  gamma  distributed  peaks  and  long  term  gamma 
distributed  RMS,  a  method  has  been  pointed  out  tp  establish 
a  long  term  gamma  distribution  of  stress  peaks.  Once  this 
is  established,  the  long  term  extreme  may  be  evaluated. 

At  the  present  stage,  the  short  term  stationary  condition 
case  is  fairly  complete.  The  long  term  case  is  less  complete 
from  a  theoretical  point  of  view,  but  the  evaluation  methods 
pointed  out  should  give  reasonably  correct  results  when  applied 
to  practical  problems.  For  this  purpose  a  table  of  the  functions 
required  are  included  in  Appendix  A. 

Although  not  a  part  of  the  original  project,  some  evaluations 
of  fatigue  life  has  been  included,  partly  for  the  sake  of 
completeness,  and  partly  because  it  is  felt  that  additional 
vibration  components  may  be  more  important  for  deterioration 
processes  than  for  direct  overloading. 

Some  empirical  material  from  a  measuring  project  on  a  tanker 
has  been  included  in  Apnendix  B.  This  material  has  been  pre¬ 
sented  in  a  fashion  which  conforms  with  the  theoretical  work. 

An  evaluation  of  the  measured  data  against  the  theoretical 
results  has,  however,  not  been  undertaken.  Previous  documen¬ 
tation  of  the  measurements  are  found  in  /14/. 
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1 .2  Basic  assumptions. 

The  work  and  conclusions  in  this  report  are  based  on  the 
following  assumptions: 

A  When  considered  separately  the  springing  and  bending  stress 
components  are  gaussian,  narrow-banded  random  processes. 

This  implies  that  the  average  zero-up-crossing  period  is 
equal  to  the  average  peak  period,  and  that  the  amplitudes 
are  Rayleigh  distributed. 

B  The  bending  and  springing  stress  components  are  statistically 
independent  under  stationary  conditions.  This  implies  that 
the  resulting  stress  process  is  a  gaussian  broad-banded 
process  with  Rice  distributed  maxima. 

C  The  RMS-values  of  the  springing  and  bending  stress  com¬ 
ponents  are  statistically  independent  in  the  long  run. 

D  There  is  a  high  degree  of  independence  between  the  total 
RMS-value  and  the  variables  connected  with  the  average 
periods,  such  as  the  spectral  width  parameter. 

E  The  contributions  to  crack  propagation  velocity  or  fatigue 
rate  from  bending  and  springing  are  to  be  added  together 
linearly . 

Assumption  A  is  supported  by  Fig. 1,2.1, 

Assumption  B  has  not  been  extensively  testes  within  the  present 
project  or  in  previous  related  projects.  In  case  there  is  a 
positive  correlation  between  the  instantaneouse  bending  and  spring¬ 
ing  stresses,  the  present  theories  will  underestimate  the  total 
stress  extremes. 

Assumption  C  is  supported  by  Table  1.2.1, 

Assumption  D  is  supported  by  Table  1.2.2. 

Assumption  E  is  to  some  degree  discussed  in  the  text  in  Chapter  8. 
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Fig. 1.2.1  Statistical  properties  of  bending  and  springing 
stress  components  within  a  short  term  record.  The  sample 
values  are  gaussian  and  the  amplitudes  are  Rayleigh-like. 
From  /14/. 
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•n  t*£  OBCsfNT  SfrTJOK  THE  CORPfLATjON  BET*EEN  TmE  5P*1N&InG  STRESS 
4SC  Th£  SEMTING  STRESS  U«L  *ILL  BE  MO*C  CLCSELT  I*  *E  JT  10ATED. 

CONCUR  STEMS  fHO“  ThE  FACT  THAT  SPRINGING  STRESS  LEVEL  U*OCR  GIVEN 
Es»lOCNH£KTkL  CONDITIONS  1 5  DlfMCULT  TO  PREOICT,  N>Il£  PRECICTIO* 

0*  afN'JNO  STRESS  CAN  Bi  PEPfOBNEO  *1Tm  Rf ASONAfitt  ACCURACY  fv  A 
NU-BER  Of  “fTHOOS. 

THE»€fOfl€.  I f  tmCOC  {5  A  CERTAIN  CORRELATION  BETrCEN  ThCSE  VARlAfc.ES, 
THE  SPRINGING  STRESS  IN  *  GlvEN  CONCITION  CAN  BE  PREOlCTEO  ON  THE 
BASIS  or  Tm|  BEnOING  STRESS  PRECICTION. 


the  investigation  is  based  on  un  observations. 


SOME  HAIN  DATA  or  THE  OBSERVATIONS  ARE  LISTED  IN  THE  f OLLOvINQ  TABLE  I 

AVERAGE  BENDING  ROOT-E  VALUE  38. BO  KP/C**»? 
STANOARO  DEVIATION  Of  BENDING  ROOT-C  VALUE  33. Al  nP/C"««2 
cargest  value  or  THE  BENOING  root-e  VALUE  2 IT , 00  KP/CN»»2 
-ORrCSPONCING  value  of  SPRINGING  ROOT-E  VALUE  **.00  *P/C»««2 

Smallest  value  or  the  BEnoino  boot-c  valve  2.oo  *p/c»**i 
Corresponding  value  or  SPRINGING  BOOT-E  VAllE  1.00  K9/a—i 

AVERAGE  SPfilNGING  ROOT-E  VALUE  13. AO  KR/CN«a2 
STANOARO  DEVIATION  or  SPRINGING  RQCT-E  VAULE  13.22  *P/CM*»2 
LARGEST  value  or  THE  SPRINGING  ROOT-E  VALUE  07.00  «P/C**«2 
COOfitSPOKDlKO  VALUE  Of  BENOING  ROOT-E  VALUE  A«.00  *P/C***2 
SMALLEST  value  or  THE  SPRINGING  BOCT-E  VA|jlE  l.to  JP/C*a*2 
CORRESPOND  I  NO  VALUE  Of  BENOING  ROOT-E  VALUE  7.00  *P/CM*«2 


possible  linear  regression  olbves  are  « 

X  •  22, 94*  ♦  1.101  ♦  T 

v  -  6. *65  •  .182  •  « 

•HERE  «  IS  THE  BENOING  ROOT-E  VALUE  ]N  *P/Cna«2 

and  Y  is  THE  SPRINGING  ROOT-C  VALUE  [N  KP/C *•••? 

the  COErriCICNT  of  CORREIATICN  IS  .a5B 

If  r  IS  ANCRN,  The  UNCERTAINTY  IK  »  IS  REDUCED  f»OP  -33 -A  1  <THf 
STRABO  DEVIATION  IN  THE  TABLE  ABCvC)  TO  20.67  0T  aJsTnO  TMt  FIRST 
REGRESSION  RELATION.  ' 

SIMILARLY.  If  *  IS  anovN.  ThE  UNCERTAINTY  IK  y  IS  PECUCEC  FMO**  U.2f 
TO  U.TS  BY  USING  THE  SECOND  RELATION. 

INTUITIVE  IMPRESSION  Of  TMt  CORRELATION  IS  AlSO  OBTAINED  BY 
inspection  of  the  scatter  oiagran  qN  the  ne»t  paoe. 
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Correlation  between  bending  and  springing  stres 
Level  in  the  long  run.  From  /14/. 
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IIU  CONDITIONS) 

A£.t  CORRELATION  BH«£CN  THE  MICE  DISTRIBUTION 
PARAMETERS  Of  I Ht  IOTAL  STRESS 


THE  AMPlHuOCS  or  THt  LOCAL  MAMMA  Of  Tn£  TOTAL  STRESS  ARC  SUPP05E0 
TO  FOLLOW  A  RICE  PROBA8 IL I T t  FUNCTION. 

THIS  DISTRIBUTION  f UNCT ION  MAS  TWO  PARAMC  T(RS •  TMC  ROOT-C  VALUE 
OEFlNCO  AS  SOR T  <  2 i • T  Hf  RNS-XAtUC.  ANO  tmc  spectral  rIDTh  EPSIlON 
DEFINED  AS  SORT  < I  -  i Pt AK  PCRIOO/ZERO  CROSSING  PCRIOO>*«2>. 

IT  *  ILL  BE  Of  INTEREST  TO  SEE  IE  THESE  PARAMETERS  ARE  STATISTICALLY 
INOEPCNOCNT  or  IE  There  IS  SONC  CORRELATION. 

it  MILL  ALSO  BE  Of  INTEREST  TO  KNOW  ’ ME  CHARACTERISTIC  VALUES  Of 
THf  SPECTRAL  vIOTH.  MfCAUSE  TnC  APPLICATION  Of  TN|  » AT LEIGH 
DISTRIBUTION  COWAONLT  USED.  Is  ONE f  valIO  fOR  SMALL  VALUES  Of  THE 
SPECTRAL  MOTm  (LESS  THAN  EPSILON  >  0.75  ). 

THE  INVESTIGATION  IS  BASEO  ON  1119  OBSERVATIONS. 


SOME  MAIN  DATA  Of  THt  OBSERVATIONS  ARE  LISTED  IN  THE  FOLLOWING  TABLE  I 


AVERAGE  STRESS  SPECTRAL  alOTH 
STAMOARO  OCVlATiON  Of  STRESS  SPECTRAL  WIDTH 
LARGEST  VALUE  Of  THE  STRESS  SPECTRAL  WIDTH 
CORRESPONDING  VALUE  OP  TOTAL  STRESS  «OOT-t  VALUE 
SMALLEST  valUE  Of  THE  STRESS  SPECTRAL  WIDTH 
CORRESPONDING  VALUE  OP  TOTAL  STRESS  ROOT-E  VALUE 


B. 6519035-01  DIMENSIONLESS 
9.B3AABS4-0?  OINENS IONLCSS 
9.ORJO3S2-01  DIMENSIONLESS 
4.200BBBB *01  Kp/CM«*2 
I.mSSSMi  DIXMSIONLESS 
5. 70B6BB i*B l  AP/CM*«2 


AVERAGE  TOTAL  STRESS  ROOT-C  VALUE 
STAMOARO  DEVIATION  Of  TOIAL  STRESS  MOOT-C  VALUE 
LAROCST  VALUE  Of  THE  TOTAl.  STRESS  ROOT-C  VALUE 
CORRESPONDING  VALUE  Of  SIRES*  SPECTRAL  W|0Tm 
smallest  value  Of  THE  TOTAL  STRESS  ROOT-C  VALUE 
v.  CORRESPONDING  VALUE  Of  STRESS  SPECTRAL  WIDTH 


4.720960*01  KP/CM«»2 
J. 2649499*01  KP/CM«*2 
2.2300009*02  KP/CM«*2 
W. 960 72 JO-01  DIMENSIONLESS 
0.0000000*90  RP/CH**2 
9.BA7A199-0I  DIMENSIONLESS 


AN  INTUITIVE  IMPRESSION  Of  THE  CORRELATION  IS  ALSO  OBTAINED  BY 
INSPECTION  Of  THE  SCATTER  OIaQRAH  ON  THE  XaT  PAGE. 
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Table  1.2.2.  Correlation  between  stress  level  (/TrMS)  and  the 
width  parameter  r.  From  / 14/. 


1.3  Conclusions . 
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If  the  attitude  of  a  ship  navigator  is  adopted, the  problem  can 
be  stated  as  follows: 

You  know  the  springing  and  bending  periods  of  the  vessel.  The 
first  one  is  a  farily  constant  one,  while  the  bending  period 
is  roughly  equal  to  the  encountering  wave  period.  You  also 
know  the  RMS-value  of  the  total  stress  which  may  be  monitored  in 
real  time  by  the  simplest  type  of  a  hull  surveillance  stress 
monitor.  What  you  do  not  know  is  how  the  observed  stress  is 
shared  between  bending  and  springing.  How  important  is  it,  for 
a  safe  operation  of  the  vessel,  to  discern  between  bending  and 
springing  stress  in  this  situation  ? 

The  present  work  indicates  the  following  main  conclusions: 

A  To  evaluate  the  largest  stress  Srrax  in  a  rough  weather 

situation,  there  is  no  sense  in  discerning  between  spring¬ 
ing  and  bending.  The  extreme  load  Smax  may  in  any  case  be 
evaluated  as 

Smax  =  1.4  x  RMS  x/l_n  N  (1.3.1) 

where  RMS  is  the  value  read  from  the  monitor,  and  N  is  a  rough 
mean  value  between  the  springing  and  bending  number  of  cycles 
in  the  time  period  considered.  The  uncertainty  introduced  by 
rough  estimate  of  N  is  completely  exhausted  by  the  natural, 
statistical  dispersion  of  the  largest  stress,  and  both  these 
sources  of  uncertainty  are  nearly  exhausted  by  only  a  moderate 
measureing  error  of  RMS.  (Chapter  6  and  7) . 

B  The  relative  uncertainty  in  the  estimated  largest  value  (1.3.1) 
due  to  natural  dispersion  under  stationary  conditions  (that  is 
relative  dispersion  of  extreme  value  distribution,  the  correct 
values  of  RMS  and  N  being  exactly  known)  is  with  good  approxi¬ 
mation 

6Smax  _  _  (1.3.2) 

Smax  2  In  N 


On  the  other  hand  the  relative  uncertainty  in  the  extreme 
stress  (1.3.1)  due  to  uncertain  monitoring  of  RMS  is  directly 
equal  to  the  relative  uncertainty  in  RMS  itself. 

C  The  fatigue  rate  increases  when  the  springing  share  exceeds  a 
certain  limit.  There  is  also  an  upper  limit  for  the  fatigue 
increase  due  to  springing,  and  this  limit  is  given  by  the  bend 
ing-to-springing  period  ratio  which  may  be  of  order  3-6 .  Thus 
if  the  ship  design  has  proved  sensitive  to  fatigue  damages, 
either  by  fatigue  calculations  at  the  design  stage  or  by  ob¬ 
servation  of  cracks  during  the  service  stage,  heavy  springing 
should  be  avoided.  (Chapter  8). 

If  the  attitude  of  a  ship  designer  is  adopted,  the  problems  will 
be  somewhat  different  and  may  be  stated  as  follows: 

Bending  and  springing  responses  are  regarded  as  two  different 
phenomena.  We  have  a  number  of  hydrodynamic  theories,  methods 
and  computer  programs  which  may  predict  the  bending  stresses  in 
the  short  and  long  term  by  a  given  service  profile.  We  also  have 
(presumably)  theories,  methods  and  computer  programs  for  treating 
springing  stresses  in  the  same  way. 

The  ship  should,  however,  be  designed  to  resist  the  resulting 
stresses,  and  the  question  is:  How  should  bending  and  spring¬ 
ing  be  combinded  to  give  the  resulting  stress  when  those  two 
components  are  known  separately  ? 

The  following  conclusions  may  be  of  practical  use: 

D  When  the  largest  stress  and  the  largest  springing  stress 
are  separately  known,  a  guiding  estimate  of  the  resulting 
maximum  stress  is 

j  2  2 

Smax »"/  Smax  (bending)  +  Smax  (springing)  (1.3.3) 

The  relation  is  assumed  to  hold  in  the  short  term  as  well 
as  in  the  long  term  case.  (Section  4.4) 
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E  When  the  Iona  term  distribution  of  bendincj  RMS  and  spring¬ 
ing  RMS  are  known  (in  terms  of  Weibull  plots  Fig.  9. 1.1) 
there  exists  an  additive  class  of  distributions  which 
immediately  indicates  the  long  term  distribution  of  the  re¬ 
sulting  RMS  more  or  less  roughly.  In  addition  the  long  term 
distribution  of  the  springing  or  bending  share  (springing 
resp.  bending  RMS  relative  to  total  RMS)  is  indicated. 

( Section  9.1). 

F  The  spectral  width  r  entering  the  Rice  distribution  for 
local  maxima  is  not  a  basic  variable,  but  is  uniquely 
determined  by  the  springing-to-total  RMS  ratio  (springing 
share  x)  and  the  bending-to-springing  period  ratio  CC) . 

( Section  2.3). 

G  The  limiting  case  of  ,:  =  1  can  never  be  obtained  in  the  present 
situation,  while  the  opposite  limit  e=0  is  approached  in  both 
the  pure  springing  and  the  pure  bending  case. 

This  indicates  that  a  number  of  approximate  formulae  derived 
for  r=0  may  be  of  rather  general  application.  (Section  3.1). 

H  The  Rice-distribution  for  positive  maxima  under  stationary 
conditions  may  with  good  approximation  be  replaced  by  a 
generalized  gamma  distribution.  The  resemblance  is  exact 
in  the  limiting  cases  of  e=0  and  e=l.  (Section  3.3). 

I  Several  analytical  probability  distribution,  exact  and 
approximate,  are  available  for  the  extreme  stress  under 
stationary  conditions  by  known  zero  crossing  period. 

(Chapter  5) . 

J  Probability  distribution  for  the  extreme  stress  by  unknown 
period  is  derived  in  analytical  form,  but  this  distribution 
does  not  deviate  significantly  from  the  distribution  with 
period  fixed  at  the  mean  value  between  bending  and  springing. 
(Chapter  6 ) . 

K  For  given  long  term  probability  distribution  of  RMS,  an 

analytical  procedure  is  suggested  which  attaches  a  generalized 
gamma  function  to  the  long  term  distribution  of  stress  peaks. 
(Chapter  10) . 
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2.  GENERAL-  PROPERTIES  OF  A  TWO-COMPONENT  STRESS  SPECTRUM 

2 . 1  Basic  variables 

The  resultant  stress  presently  considered  consists  of  two 
distinguished  spectral  components  which  will  be  termed  the 
bendi ng  stress  due  to  quasistatic  wave  action,  and  the  springing 
stress  due  to  resonans  vibration.  Regarded  separately,  each 
stress  component  is  narrow-banded,  and  a  short  term  stationary 
stress  state  is  completely  characterized  by  the  four  variables: 

Og  Root  Mean  Square  (RMS)  of  the  bending  stress 
Tg  Average  period  of  the  bending  stress 
Og  RMS  of  the  springing  stress 
Tg  Average  period  of  the  springing  stress 

If  the  power  spectral  density  of  the  total  stress  is  termed  S(w), 
a  function  of  the  circular  frequency  w,  the  spectral  moment  of 
order  n  can  in  general  be  written: 


Mn  =  /wnSU)du)  =  (^)ncrB2  +  ^)n°T2 


(2.1.1) 


Based  on  the  spectral  moments  of  order  0,  2  and  4  the  following 
three  parameters  of  the  total  stress  may  be  defined: 

y 

-  RMS-value  o  (or  variance  a  ) 


a  -  =  VoB  +  os' 


:  2 . i .2) 


-  Average  zero-crossing  period  T„ 


T  =  2tt/—  =-J 
z  M2  ]! 


gB2  +  °S2 _ 

ob2/tb4  +  °s2/Ts4 


(2.1.3) 


-  Average  peak  period  Tp 


Tp  =  2W: 


!2  /°B2/tB2  +  pS2/TS2 


M4  "1 1  ob2/Tb4  +  as2/TS4 


(2.1.4) 
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From  these  basic  variables  one  may  derive  a  number  of  related 
parameters  which  do  not  convey  new  information,  but  which  have 
significance  for  physical  or  historical  reasons: 

-  The  ratio  n  between  peak-  and  zero-crossing  period 

,  TP  _ °b2/tb2  +  °s2/ts2 

Tz  /(ob^/tB^  +  Og2/TS^) (Og2  + 

-  The  spectral  width  c 

a  =  -  a  ^  =  2  /a  ( 1  -  a) 

-  The  fraction  of  positive  maxima  a 

a  =  % ( 1  +  /  1  -  g2)  =  h(l  +  a)  (2.1.7) 

The  spectral  width  c  has  been  the  prevailing  shape  parameter  of 
the  Rice  distribution  in  the  literature  /!/,  /2/.  Some  authors 
have  preferred  the  period  ratio*  ,  for  example  /3/,  /4/.  The 
related  parameter  a  is  essential  by  considering  the  distribution 
of  positive  peaks  only,  see  /5/,  and  appears  as  the  shape  para¬ 
meter  in  the  generalized  gamma  distribution  approximated  to  the 
Rice  distribution,  see  Section  3.3. 


(2.1.5) 

(2.1.6) 
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2.2.  Dimensionless  Representation 

It  is  convenient  to  perforin  the  derivations  within  a  dimension¬ 
less  system  of  variables. 

As  time  unit  is  chosen  the  springing  period  Tg  which  is  the  most 
stable  of  the  time  variables  introduced.  Periods  measured  with 
Tg  as  unit  will  be  denoted  t  with  a  corresponding  subscript. 

As  stress  unit  in  the  short  term  case  will  be  chosen  the  total 
RMS  value,  a .  This  is  the  quantity  which  is  for  instance  most 
easy  to  monitor  in  service.  Stress  variables  measured  with  a  as 
unit  will  be  denoted  x  with  a  corresponding  subscript. 

i  written  without  subscript  denotes  the  dimensionless  bending 
period . 

x  written  without  subscript  denotes  the  dimensionless  springing 
RMS . 

Hence  the  variables  previously  defined  may  be  re-written  as  follows 


RMS  of  bending  stress  X0,  bending  share 

<3b  3b 


Xr  =  —  = 


/— 2~: — 2 

/oB  +  os 


A  -  xs  =  A  -  x2 


Period  of  bending  stress  xB 

_  tb 

tb  -  T  “  t£ 

RMS  of  springing  stress  X,  springing  share 


'  s 

Xs  =  X  =  7T 


s 


/  2‘~ - Z 

/o 


' °S  +  °B 
Average  zero-crossing  period  t£ 


1 7,  ~ 


TZ  =  _ 1 _  =  _ t 

Ts  /x2  +  xT7/!  A  +  X2{i7  -  1) 


(2.2.1) 


(2.2.2) 


(2.2.3) 


(2.2.4) 


Average  peak  period  :p 


/x B'h  ;  2 

+  x2 

J)  +  x2( 

2 

' 

-  1) 

/  2,4 

'  -B  ' 

.  x2 

M  +  X2  ( 

4 

-  1) 

(2.2.5) 


t 
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2 . 3  Considerations  of  the  Spectral  Width 


As  observed  from  equation  (2.2.7),  the  spectral  width  parameter 
£  is  completely  determined  by  the  springing  RMS-to-total  RMS 
ratio  x,  and  the  bending-to-springing  period  ratio T . 

The  equation  is 


2  =  X2  (1  -  X2)  (  r2  -  1)  2 
1  +  X2  (t2  -  1 )  ( t 2  +  1) 

From  this  we  may  conclude: 


(2.3.1) 


-  c  =  0  for  x  =  0.  This  occurs  when  og  =  0  and  the  stress  is 
pure  bending. 

o  2  2 

-  >  =  0  for  (1  -  X  )  =  Og  /a  =0.  That  is:  there  is  no  bending, 

and  the  stress  is  pure  springing. 

-  t  =  0  for  i  =  Tg/Ts  =  1.  That  is:  the  spectral  peaks  due  to 
springing  and  bendinq  coincide,  and  there  is  in  reality  only 
one  peak  in  the  stress  spectrum. 

-  Differentiation  with  respect  to  X  keeping  t  constant  reveals 
that  c  has  its  maximum  value  when 


that  is 


°B  _  tB 

°s  Ts 


(2.3.2) 


The  spectral  width  is  then  given  by 

_  t2  -  1  _  TB2  -  TS2  2 

W  . 2  +  !  "  TB2  +  TS2  '  “  ,2 

or  by 


(2.3.3) 


e  max 


1 


2X2  =  1  -  2 {6s/6)  2 


(2.3.4) 


-  r.  =  1  is  obtained  only  when  t  -»•  °°  and  X  >  0,  that  is  T„  >>  TD 

O  o 

and  Og  > >  Og 


The  spectral  width  c  is  shown  as  a  function  of  the  springing  share 
X  =  a s/a  for  selected  values  of  the  relative  bending  period  t  =  Tg/T 
in  Fig .  2.3.1. 


This  figure  shows  in  more  detail  how  the  spectral  width  becomes 
zero  when  the  stress  is  either  pure  bending,  og/o  =  0,  or  pure 
springing,  as/o  =  1.0.  And  also  how  the  spectral  width  disappears 
when  the  springing  and  bending  periods  approaches  each  other  at 
t  =  1. 


The  maximum  values  of  the  spectral  width  are  located  on  the 
dashed  line  which  is  the  parabola  described  by  (2.3.4). 

The  value  >.  =  1  is  an  ideal  case  which  is  never  realized  in  practice. 

•) 
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2.4  Consideration  of  Periods 


In  a 


given  time  interval  t,  the  number  of  local  maxima 

m  _  t  _  t  /  1+x2  ( t4-1)  _  t_  /~l+x2  ( t4 -1) 

P  TP  Ts  1  [ 1  +  x2 ( t2-1)  }t2  TB'  1+x2(t2-1) 


is  Np 

(2.4.1) 


The  peak  period  Tp  is  given  in  (2.1.4). 

The  dimensionless  representation  is  given  in  (2.2.5). 

The  term  t/Ts  on  the  right  side  is  the  number  of  springing  cycles 
in  the  time  t  considered.  The  square  root  expression  is  therefore 
the  ratio  between  local  maxima  and  number  of  springing  cycles 
experienced  within  an  arbitrary  time  interval,  and  is  graphed  in 
Fig.  2.4.1. 


It  is  observed  that  the  peak  period  very  rapidly  becomes  equal 
to  the  springing  period,  more  rapidly  the  longer  the  bending 
period  is. 


Fig.  2.4.1  Number  of  local  maxima  within  a  time  interval,  as 

c  r  'ct  ion  of  i.nging  cycles. 


Similarly,  in  a  given  interval  L,  the  number  of  zero  crossings 


N.,  is 


Nz  = 

*  z 


^  y 1+x2 ( i 2-l)  =  -/l  +  x2  t  T-  2  - 1 7" 

xs  >  '  To 


(2.4.2) 


Tz  is  the  zero  crossing  period  given  in  (2.1.3),  dimensionless 
in  (2.2.4) .  As  t/Ts  is  the  number  of  springing  periods  within 
t,  the  square  root  term  is  the  ratio  between  zero  crossing  periods 
and  springing  pe . iods  in  any  arbitrary  time  interval.  The  ratio 
is  graphed  in  Fig.  2.4.2. 


Fig.  2.4.1  and  Fig.  2.4.2  show  how,  depending  on  the  circumstances , 
the  peak  as  well  as  the  zero-crossing  period  will  always  be  situ¬ 
ated  somewhere  between  the  bending  and  springing  periods . 


J  RATIO,  X=  Ts/Ts 


71  15 


ui  ° 

o 

z 

<7>  .5 

vi 
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a: 
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SPRINGING  SHARE,  (Jj/CT:* 


Fig.  2.4.2  Number  of  zero  crossing  periods  within  a  time  inter¬ 
val  as  a  fraction  of  springing  periods. 
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The  fraction  of  positive  maxima  is  uiven  by  the  parameter  a 
in  (2.1.71  and  (2.2.8)  .  Hence  the  number  of  positive  maxima, 
denoted  N^1’  ,  in  the  time  t  is 

,  /  9  Nr-j  +  N? 

Np  =  aNp  =  hi  1+/1-.-T-  ]Np  =  ---P2-Z  (2.4.3) 


that  is,  the  mean  value  between  the  number  of  peaks  and  zero-up- 
crossings.  The  average  period  between  positive  peaks,  denoted 
Tp+  is  hence 


T 


+ 

P 


l/Tp+i/Tz 


2^ 

Tp+Tz 


=  ^ 


(2.4.4) 


Correspondingly  the  fraction  of  negative  maxima  is  (1-a) ,  which 
gives  a  number  of  negative  maxima  denoted  Np  -  of 


Np-  =  (l-a)Np 


=  hll 


]Np  = 


Np-N2 


(2.4.5) 


The  average  period  between  the  negative  maxima,  denoted  T  ,  is 

T  -  2  _  2T2Tp 

P  1/Tp-l/T  2  Tz-Tp 

These  expressions  will  be  of  importance  later. 


The  fraction  of  positive  maxima  is  uniquely  determined  by  the 
bending- to-springing  period  ratio  x  and  the  springing  share  x 
as  it  appears  from  equation  (2.2.8)  . 

The  dependence  is  graphed  in  Fig.  2.4.3. 

Fraction  of  positive  maxima  is  essential  in  the  probability  dis¬ 
tribution  of  positive  maxima.  Section  3.2  and  4.5  and  also  for 
the  approximation  with  generalized  gamma  distributions.  Section 
3 . 3  and  4.6. 


- r&t 
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Fig.  4.2.3  Fraction  of  positive  maxima  as  a  function  of  the 
period  ratio  t  and  the  springing  share  x.  (Equation  (3.8))  . 
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FRACTION  OF  NEGATIVE  MAXIMA 


3.1 


DISTRIBUTION  OF  MAXIMA  L'Ni.'LR  STATIONARY  CONDITIONS 

We  consider  a  t  irr.e  interval  dunnq  which  the  sea  conditions  and 
the  ship  speed  and  course  do  not  change  significantly.  In  the 
real  life  this  will  only  be  the  case  in  short  term  intervals  of 
a  couple  of  hours  duration.  However,  consideration  of  such  statio¬ 
nary  intervals  of,  say,  20  years  duration  is  also  of  interest 
because  some  lone  term  trends  may  be  qua  1 i tat i vel y  indicated. 

Looked  separately,  the  bending  and  springing  stresses  are  assumed 
to  be  gaussian  random  processes  with  RMS  values  og  and  oc  respec¬ 
tively.  That  is:  If  the  bending  stress  component  is  filtered  out 
and  samnied,  the  sanmle  values  over  a  sufficiently  long  period 
will  conform  with  a  normal  probability  law  with  standard  deviation 
eg.  Similarly  sampled  data  from  the  springing  stress  component 
will  conform  with  a  normal  probability  law  with  standard  deviation 
s.  If  the  two  spectral  components  are  statistically  independent, 
sampled  data  of  the  complete  stress  signal  conform  with  a  normal 
distribution  with  standard  deviation  a,  equal  to  the  RMS-value. 

Looked  separately,  the  bending  and  springing  stresses  are  also 
assumed  to  be  narrow-banded.  That  means,  among  other  things, 
that  they  appear  as  a  sequence  of  slowly  modulated  amplitudes 
which  conform  with  a  Rayleigh  probability  distribution  with  para¬ 
meter  /2.'g  for  the  bending  stress  and  /Jog  for  the  springing  stress 
component.  The  distribution  of  amplitudes  coincides  with  the 
sampled  value  distribution  of  the  envelope  of  the  respective  com¬ 
ponents.  In  the  narrow  banded  case  the  stress  peaks,  or  local 
maxima,  coincide  with  the  amplitudes,  and  represent  a  sampling  of 
the  stress  envelope  with  a  sampling  period,  equal  to  the  period 
of  the  respective  stress  components.  Since  there  is  one  zero-up 
crossing  and  one  positive  peak  in  each  cycle,  there  is  little  or 
no  difference  between  the  zero  crossing  period  and  the  peak  for 
a  narrow-banded  stress  component. 

When  the  stress  components  are  superposed  upon  each  other,  the 
concepts  of  "envelope"  and  "amplitude"  loose  the  significance. 

What  is  still  significant  is  the  sequence  of  peaks ,  v.r  local 
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maxima.  This  makes  little  conceptual  difficulties  for  the  extreme 
stress  prediction,  since  the  extreme  stress  within  a  certain  time 
interval  is  easily  definable  as  the  largest  local  maximum  value. 

In  fatigue,  nowevor,  the  complications  become  considerable  because 
the  amplitude-concept  is  lost.  By  counting  cycles  for  fatigue 
life  prediction,  nowever,  one  can  evidently  not  identify  the  stress 
cycles  with  the  peaks. 

Alternative  parameters  to  the  RMS-value  o  are: 

-  The  "ROOT-E"  value  /~E  =  /2o  which  is  the  Rayleigh  distribution 
parameter  for  single  amplitudes. 

-  The  significant  height,  or  double  amplitude,  Hg=4o  which  is 
preferred  in  the  analogy  of  wave  motion. 
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3 . i  Exact  distribution  of  local  maxima 

For  a  broad-band  stress  history,  which  also  covers  the  present 
two-component  case,  the  peaks  or  local  maxima  conform  with  a 
Rice  probability  law  /l/  /2/  which  has  two  parameters: 

-  the  RMS-value  o 

-  the  spectral  width  e  (or  any  related  parameter  a  or  a) . 
Denote  the  sequence  of  N  stress  peaks 


S1S2S3  . SN-  (3.1.1) 

Normalize  the  stress  peaks  with  respect  to  the  RMS-value  o  and 
define  the  sequence  of  dimensionless  peaks 


Z1  z2  z 3 


zm  -  Sm/o 


3.1.2) 


The  probability  density  function  of  the  stress  peaks  is 


■3<z>  =  757  e  2  =  2 


Z)  Z  e  2 


(3.1.3) 


1  (  )  is  the  normal  probability  integral 


(x)  = 


721 


/  e  2  dt 


3.1.4) 


Special  cases  of  (3.1.3)  are: 


e  =  0 

g  (Z) 

=  Z  e‘z2/2 

(Rayleigh) 

(3.1.5) 

a  <<  1  < <  Z 

g  (z) 

=  /dT2  Z 

(3.1.6) 

e  =  1 

g  (z) 

1  -Z2/2 

"  727  e 

(Normal) 

(3.1.7) 

Z  =  0 

g  (0) 

=  c/ / Tn 

(3.1.8) 

The  probability  of  exceedance  is 


r~ — 2 

Q(Z)  =  l-f>(Z/e)  +  /l-e2  ip  (  — ~  —  z )  e~Z  /2 
with  the  special  cases: 


(3.1.9) 


E  =  0 

Q(Z)  =  e"z2/2 

(3.1.10) 

t  <  -•  1  •  '  z 

Q(Z)  =  /l-e2  e~Z 2/72 

(3.1.11) 

E  =  1 

Q  ( z )  =  1-<MZ) 

(3.1.12) 

n: 

II 

0 

Q  ( 0 )  =  h  (l  +  /l-e2)  =  a 

(3.1.13) 

The  cumulative  probability  function  P(Z)  appears 
from  the  exceedance  probability  through 

immediately 

P(Z)  =  1  -  Q ( Z ) 

(3.1.14) 

The  moments  of  the 

distribution  are: 

Mean  value: 

Hi  =  z  =  /■£  /l-e2 

(3.1.15) 

Variance 


u2 


=  (Z-Z) 2=1- (|-1) (1-e2) 


3rd  central  moment:^  =  (Z-Z)  2  =/i  (tt-3)  (l-e2)2/2 


(3.1.16) 

(3.1.17) 


Hence  follow  the  dimensionless  coefficients: 


Coefficient  of  variation  X  =  ij 2 ^ / U i  =  /^  /l— ^  +  /  -  (3.1.18) 


1  -t‘ 


Coe 


fficient  of  skewness  8  =  1^/02^  =  < tt  —  3 )  | - - 1 

ll-(7r/2-i)  (1-e2)  J 


3/2 


(3.1.19) 

A  graph  of  the  exceedance  probability  is  given  in  Fig.  3.1.1. 

The  limiting  cases  of  e  =  0  and  c  =  1  are  plotted  together  with 
f  =  0.5,  0.9  and  0.95.  With  the  extreme  value  prediction  in  mind, 


3.b 


the  high-peak-low-probability  region  is  of  most  interest.  Hence, 
looking  to  the  region  about  Z  =  4,  Q  =  10-<*  ,  it  is  observed  that 
Q  is  reduced  by  roughly  one  decade  when  e  goes  from  0  to  1  under 
constant  a.  Half  a  decade,  however,  is  occupied  by  the  transition 
from  e  =  0  to  e  =  0.95. 

Keeping  the  probability  level  constant,  it  is  observed  that  the 
argument  Z  is  reduced  by  about  0.6,  or  15%,  when  e  goes  from  0 
to  1 .  An  amount  of  0.3,  or  7%,  however,  is  occupied  by  the  trans¬ 
ition  from  0  to  0.95. 

These  observations  indicate  that  the  special  cases  of  low  e  and 
large  stress,  equations  (3.1.6)  and  (3.1.11),  may  be  valid  for 
fairly  large  e-values. 


PROBABILITY  OF 


SPECTRAL 
WIDTH,  £ 


Fiq.  3.1.1  Graph  of  the  probability  of  exceedance  of  the  Rice 
nrobabilitv  distribution. 
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D i strLbution  of  positive  maxima 


For  there  is  a  certain  fraction  of  negative  maxima  and 

an  equal  fraction  of  positive  minima,  which  is  given  by  (3.1.13) . 
The  number  of  positive  maxima  is  given  in  (2.4.3),  and  is 


V  =  Q ( 0 ) Np  =  aNp  = 


Np+Nz 


Jl+X2  (  T  4 ~T )  +T  [  1  +  X2  (  T  2~1)  ]  t_ 
2  l  /l+X^  (  X  2-l) 


(3.2.1) 


The  probability  distribution  of  the  positive  maxima  is  found  by 
truncating  the  ordinary  Rice  distribution  at  Z  =  0.  This  gives 
the  probability  density  function,  corresponding  to  (8.3) 


g+(z)  ~  fit}  "  7H  I  e  2e2  + 


(3.2.2) 


where 


a  =  \  [  1+/1-E2  ]  =  Q  ( 0 ) 


(3.2.3) 


The  probability  of  exceedance,  corresponding  to  (8.9)  is 


Q+<2)  *  §ltf  '  IIHl!/El1  +  a 


■^♦4= Ez)e-z2/2  ,3.2.4, 


with  the  narrow  band  approximation  corresponding  to  (3.1.9) 

"2  r,  2 


e  <<  1  <<  Z : 


Q+(Z)  =  e‘Z‘/2 


(3.2.5) 


The  exceedance  probability  is  graphed  in  Fig.  3.2.1. 
The  cumulative  probability  function  is  given  by 


P+  (Z) 


1  -  Q+(Z) 


P(Z)  -  P(0) 
0(0) 


(3.2.6) 


Extreme  values  have  been  studied  in  terms  of  the  truncated  dis¬ 
tribution  by  Ochi  /5/. 

The  truncated  distribution  will  be  applied  later  in  the  approxi¬ 
mation  with  generalized  gamma  distribution.  Section  3.3,  and  in 
discussion  of  extreme  value,  Section  4,5. 


PROBABILITY  OF 


PEAK  VALUE,  z=S/C 


Fig.  3.2.1  Graph  of  the  probability  of  exceedance  for  the 
truncated  Rice  distribution  for  positive  stress  peaks,  or  local 


maxima . 
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3 . 3  Approximation  with  generalized  gamma  distribution 


The  generalized  gamma  distribution  has  the  density  function 


f  (Z) 


h  .  Z . ah-1  - ( Z/A) h 

F  (a)  A  A  6 


(3.3.1) 


where  a,  h  and  A  are  parameters.  This  distribution  covers  a  lot 
of  well-known  distributions  as  special  cases,  see  Table  3.3.1. 


With  reference  to  Article  9  it  is  observed  that  the  limiting  case 
of  the  truncated  Rice  distribution  with  e  =  0,  that  is  the  Rayleigh 
distribution,  is  equal  to  the  generalized  gamma  distribution 
with 


a  =  1 

h  =  2  (3.3.2) 

A  =  /2 


Similarly,  the  broad  band  limiting  case  e  =  1,  that  is  the 


a 

h 

A 

Distribution  function 

1/2 

2 

/2a 

One  sided  normal  distribution 

1/2 

2 

o 

Error  function 

a 

1 

2 

Elementary  gamma  distribution 

n/2 

1 

2 

2 

X  -distribution  with  n  degrees  of  freedom 

1 

2 

/2a 

Rayleigh  distribution 

3/2 

2 

/2a 

Maxwell  distribution 

1 

1 

A 

Exponential  distribution 

1 

h>  0 

A 

Two  parameter  Weibull  distribution 

1 

h<0 

A 

Fr€chet  distribution 

Approximate  normal  distribution  with 

1 

x>>  1 

X 

expectation  x  and  standard  deviation  a 

1 

oo 

A 

6-distribution.  Constant  x  =  A 

Table 

3.3.1 

Special 

cases  of  the  generalized  gamma  distribution. 
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one  sided  normal  distribution,  coincides  with  the  generalized 
qamma  distribution  with  parameters 

a  =  1/2 

h  =  2  (3.3.3) 

A  =  /2 

It  is  hence  reasonable  to  assume  that  the  intermediate  family 
of  truncated  Rice  distributions  with  arbitrary  c  can  be  approxi¬ 
mated  with  generalized  gamma  distributions  with  parameters 

a  =  Sll-A  +  r2] 

h  =  2  (3.3.4) 

A  =  /2 


This  can  also  be  shown  to  be  the  case. 

The  distribution  of  positive  maxima  has  hence  approximately  the 
probability  density  function 


g+(Z) 


/2 

Ha) 


2a-l 


~Z2/2 

e 


(3.3.5) 


and  the  exceedance  probability  function 
Q+(Z)  =  F  (a ;  Z2/2)  /T  (a) 


(3.3.6) 


where  the  complete  and  incomplete  gamma  functions  are  defined  by 

oo 

r  (a ;x)  =  / ta_1  e-tdt  ,  r (a)  =  T(a;0)  (3.3.7) 

x 

Graph  of  the  exceedance  probability  is  given  in  Fig.  3.3.1. 

Further  information  about  the  generalized  gamma  distribution  is 
given  in  /6/  or  /l /  among  others. 
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PEAK  VALUE  ,  z  =  S/O 


Fig.  3.3.1  Graph  of  the  probability  of  exceedance  approximated 
by  the  generalized  gamma  distribution. 


CHARACTERISTIC  EXTREME  VALUE 


4 . 1  Elementary  considerations 

Consider  a  time  interval  t  under  stationary  conditions  with  a 
given  RMS  value  a  of  the  complete  stress  signal.  One  then  has 
the  simple  and  well  known  estimate  for  the  extreme  value 


Sc  =  o/2  In  N 


(4.1.1) 


which  is  obtained  by  putting  the  exceedance  value  Q  equal  to  1/N. 


This  formula  is  correct  only  when  e  =  0,  and  from  the  consider¬ 
ations  in  Section  2.3  this  takes  place  in  the  two  limiting  cases 
when  the  springing  share  x  =  os/o  =  0  and  1. 

In  the  case  x  =  0,  the  stress  is  a  pure  bending  process,  and  the 
number  of  cycles  is 


nb  -  h 


(4.1.2) 


In  the  opposite  case  x  =  1,  the  stress  is  a  pure  springing  pro¬ 
cess,  and  the  number  of  cycles  is 


"s  -  h  -  k  ■  T  *  %'T 


(t  =  Tb/Ts) 


(4.1.3) 


Thus,  when  the  stress  goes  from  pure  bending  to  pure  springing 
with  the  same  RMS,  the  extreme  value  increases  with  a  factor 


’  (pure  springing)  /  In  N 


;c  (pure  bending)  In  Ng 


In  t 


In  Nr 


Results  are  given  in  Table  4.1.1  in  terms  of  percentage  increase 
in  extreme  value  when  stress  goes  from  pure  bending  to  pure 
springing.  One  has  reason  to  believe  that  this  is  a  maximum  in¬ 
crease,  and  that  the  increase  in  a  mixture  of  bending  and  springing 
lies  somewhere  between. 
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One  may  conclude  from  these  results  that,  when  the  total  stress 
RMS  is  given,  the  presence  of  springing  can  at  most  elevate  the 
extreme  stress  with  about  10-15%  in  the  short  time  case.  For 
the  long  term  case  the  table  indicate  an  increase  of  order  5%. 


Number  of  bending  periods  in  the 

time  interval,  NB 

102 

103 

104 

105 

106 

107 

108 

7.26% 

4.90% 

3.69% 

2.97% 

2.48% 

2.13% 

1.86% 

11.3 

7.66 

5.80 

4.66 

3.90 

3 . 35 

2.94 

14.1 

9.58 

7.26 

5.85 

4 . 90 

4.21 

3.69 

16.2 

11.0 

8.39 

6 .76 

5.66 

4 . 87 

4 . 28 

o 

co 

12.2 

9.29 

7.50 

6.29 

5.41 

4.75 

19.3 

13.2 

10.1 

8.12 

6.81 

5.86 

5.15 

20 . 5 

14.1 

10.7 

8.66 

7.26 

6.26 

5.49 

Table  4.1.1  Percentage  increase  in  extreme  value  when  the  stress 
goes  from  pure  bending  to  pure  springing  under  constant  RMS. 
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4 . 2  Characteristic  extreme  at  arbitrary  springing  share 

One  considers  a  time  interval  t  which  contains  a  sequence  of 
Np  stress  peaks  in  the  total  stress  history.  A  characteristic 
value  for  the  extreme,  or  maximum  stress  peak  is  obtained  by 
putting  Q  ( Z )  =  i/Np  in  equation  (3.1.11)  .  This  gives: 

Sc  =  o  fl  ln,/I^_ Np  =  0/2  In  "rr  /Tz)  (t/Tp)  =  a/2  In  Nz  (4.2. 

where  Nz  is  the  number  of  zero  crossings  in  the  same  time  inter¬ 
val  . 

Equation  (4.2.1)  is  valid  for  small  and  moderate  values  of  t  only. 
But  since  c  is  zero  in  both  the  limiting  cases:  springing  is  all 
or  none,  and  since  e  can  never  become  =  1.0,  it  is  reasonable  to 
Delieve  (4.2.1)  to  be  generally  applicable  in  the  present  problem. 

Equation  (4.2.1)  will  then  replace  equation  (4.1.1)  which  was  only 
valid  for  r.  =  0 .  Thus  introducing  the  number  of  zero  crossings 
from  (2.1.2)  into  (11.1),  one  may  derive  the  ratio  between  the 
maximum  stress  at  arbitrary  springing  share  and  the  maximum  stress 
in  the  pure  bending  case: 

Sc  (arbitrary  springing) 

Sc  (pure  bending) 

This  is  a  generalization  of  (4.1.4) ,  the  latter  giving  the  limi¬ 
ting  case  of  x  =  1  only. 

Some  results  are  shown  in  Fig.  4.2.1,  for  some  selected  values 
of  the  bending-to-springing  period  ratio  t  and  the  time  intervals 
given  in  terms  of  bending  cycles.  This  figure  shows  the  transi¬ 
tion  of  the  extreme  stress  amplitude  by  increasing  springing  share 
up  to  the  pure  springing  case.  And  with  reference  to  the  Table  4.1 
it  may  be  concluded  that  the  extreme  stress  increases  roughly 
linearly  with  the  springing  share. 


1  +  *5 


In [ 1+x2  ( t 2-l )  ] 


In  N 


[4  .2 


B 


4.4 


SPRINGING  SHARE,  Os/C  =x 


Fig.  4.2.1  Percentage  increase  in  characteristic  extreme  stress 
amplitude  as  a  function  of  the  springing  share  x,  by  changing 
bending  period  (x)  and  time  interval  (Nb) . 
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4 . 3  Extreme  positive  maximum 

So  far  the  total  distribution  of  both  positive  and  negative 
maxima  has  been  considered  by  using  the  complete  Rice  distri¬ 
bution  described  in  Section  3.1. 

One  should  also  consider  the  short  term  extreme  value  predicted 
by  the  positive  maxima  only.  This  can  be  derived  from  the  trun¬ 
cated  Rice  distribution  described  in  Section  3.2. 


In  a  time  interval  t  there  is  a  number  of 


(4.3.1) 


positive  peaks,  as  derived  in  (2.4.3). 

A  characteristic  value  for  the  extreme  stress  peak  is  obtained 
by  putting  the  probability  of  exceedance  in  (3.2.5)  equal  to  1/N  + . 
This  gives 


Q+(ZC) 


which  gives 


Z 


c 


/21n  Nz 


(4.3.2) 


(4.3.3) 


the  same  as  in  (4.2.1) 

That  is:  The  truncated  Rice  distribution  predicts  the  same 
extreme  stress  under  stationary  conditions  as  the  complete  Rice 
distribution . 


The  characteristic  extreme  value  predicted  by  the  generalized 
gamma  distribution  may  be  studied  very  roughly  by  considering  the 
equivalent  of  (4.3.2)  introducing  an  asymptotic  expression  for 
Q(Z)  : 


__1 _ ,Z  2a-l/2  -  (Z//2)  2 

r  (a)  k72’  e 


a-1 

(Z//2)  2 


1 

aNp 


(4.3.4) 


«*■  >, 
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Putting  1/T  (a)  »  a  and  taking  the  predominate  term  of  the  natural 
logarithm  on  each  side,  one  obtains  the  leading  term 

Z  c  =  /21n  a2Np  (4.3.5) 

which  is  equivalent  to  (4.2.1)  . 


For  small  values  of  e  we  have 

a2  =  i[l  +  /l-e2]2  =  is  [  ( 1-^c2)  +  /l-e2]  «  A -e2  (4.3.6) 

When  introduced  in  (4.3.5)  this  gives  back  the  previous  character¬ 
istic  extreme  (4.2.1),  which  also  appears  from  Fig.  4.2.1 
For  e  =  1,  on  the  other  side,  (4.2.1)  breaks  together  and  gives 
non-sense  results  while  (4.3.5)  gives 

Zc  =  v/2  ln(Np/4)  (4.3.7) 

The  corresponding  expression  for  e  =  1  derived  directly  from 
the  one-sided  normal  distribution  is 


which  gives  about  1.5%  higher  values,  but  this  equation  is 
still  an  approximation.  Equation  (4.3.8)  is  discussed  in  /2/. 

An  expression  for  the  characteristic  extreme  value  which  is  more 
complete  than  (4.3.5),  but  still  an  approximation  for  e  *  0  is 
obtained  by  taking  one  term  more  into  consideration  in  the  loga¬ 
rithm  of  (4.3.4).  This  gives 

Z  c  =  /2  |lna2Np  +  \A-z2  In  (lna2Np)  j*5  (4.3.9) 

but  this  formula  is  probably  of  little  practical  interest  in 
the  present  context. 
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Fig.  4.2.1  Graph  of  the  alternative  functions  of  e  for  deter¬ 
mination  of  the  effective  number  of  maxima  which  enters  the  ex¬ 
treme  stress  formulae  (4.2.1)  and  (4.3.5),  that  is 

Zc  =  J2  ln/I-e2Np,  alternatively  =  /2  lna2Np. 


k’- 
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Relation  to  individual  maxima 


In  a  given  time  t  the  complete  signal  executes  Nz  =  t/Tz  zero- 
up-crossing  cycles,  and  the  characteristic  extreme  stress  is 


=  A 


a  Mint  -  lnT7) 


(4.4.1) 


as  stated  in  equation  (4.2.1)  . 

In  the  same  time  interval  the  bending  stress  component  executes 
NB  =  t/TB  cycles  and  has  an  individual  characteristic  extreme 
value 

SCB  =  /2oB2(lnt  -  InTg)  (4.4.2) 


Similarly  the  springing  component  executes  Ng  =  t/Tg  cycles  and 
has  its  individual  characteristic  extreme  value 


SCs  —  /2og2(lnt  —  InTg) 


(4.4.3) 


2  2  2 

Hence  since  a  -  a0  +  as  according  to  (2.1.2),  the  individual 
extremes  for  bending  and  springing  may  be  introduced  in  (4.4.1) 
and  give 


SC 


lnt 

lnt 


InT?,  _  2  lnt  -  lnT? 
InTg  °CS  int  -  lnTs 


(4.4.4) 


That  is,  the  total  stress  extreme  is  a  weighted  quadratic  sum 
of  the  individual  extremes.  Since  we  always  have 


TS  '  TZ  <  Tg 


(4.4.5) 


the  springing  contribution  has  slightly  greater  weight  than  the 
bending  contribution. 

For  sufficiently  long  times  t  the  weighting  factors  approach  unity, 
and  (4.4.4)  becomes 


sc 


+  scs 


2 


(4.4.6) 


This  relation  gives  in  most  cases  a  good  indication  of  the  impor¬ 
tance  of  springing  as  far  as  extreme  value  is  concerned. 
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5.  STATISTICAL  EXTREME  VALUE  DISTRIBUTION 

In  the  present  chapter  the  statistical  probability  distribution 
of  the  short  term  extreme  value  will  be  discussed.  The  exact 
probability  function  is  pointed  out  together  with  a  number  of 
possible  approximations.  Each  distribution  function  is  given 
an  identifier  which  is  referred  to  in  a  comparison  which  is 
undertaken  at  the  end  of  the  chapter. 

5 . 1  Exact  representation  (No  la ) 

Consider  a  time  interval  t  which  contains  a  sequence  of  Np  stress 
peaks  which  are  randomly  distributed  according  to  a  Rice  distri¬ 
bution  function.  The  largest  stress  peak  Z  =  S^o  has  probability 
distribution  defined  exactly  by  the  following  formulae: 

Cumulative  probability  P^: 

Pt(Z)  =  1 1-Q  ( Z )  ]  NP  =  [<MZ/e)+/l-e2  <)>  (  -~e  -Z)e  L  2]  H  (5.1.1) 
Probability  density  function 

gt(Z)  =  dPt(Z)/dZ  =  Np  [  1-Q  (Z)  ]NP_1  g  (Z)  (5.1.2) 

where  Q(Z)  and  g(Z)  are  given  by  the  equations  (3.1.9)  and  (3.1.3) 
respectively . 

The  spectral  width  e  is  given  by  (2.2.7)  and  the  number  of  local 
maxima  Np  is  given  by  (2.4.1)  . 

The  expectation  value  is  with  some  approximation 

E(Z;  =  /2Ln/l^~t^  +  ■■  7=  =  ==  === =  ,  c  =  0.5772  (5.1.3) 

/21n/l-t:2  Np 

which  is  somewhat  higher  than  the  characteristic  maximum  (4.3.3) 

Fig.  5.1.1  shows  how  the  probability  density  changes  with  the 
springing  share  x  =  os/o.  The  bending  period  has  been  put  equal 
to  5  times  the  springing  period,  that  is  t  =  5,  and  a  time  inter¬ 
val  of  5000  springing  cycles  or  1000  bending  cycles  is  considered, 


PROBABILITY  DENSITY 


5.2 


that  is  of  order  2.5  hours.  Corresponding  spectral  width, 
number  of  peaks  and  extreme  values  appear  in  Table  5.1.1.  It 
is  observed  that  the  difference  between  characteristic  and  ex¬ 
pectation  extreme  is  insignificant. 


Springing 

share,  x 

Bending 

period,  x 

Spectral 

width,  e 

Number  of 
peaks,  Np 

— 

Characteristic 

maximum,  Zc 

Expectation 

value  E (Z) 

0 

5 

o 

o 

1000 

3.717 

3.872 

0.333 

5 

0.8993 

4380 

3.888 

4.036 

0.666 

5 

0.7148 

4885 

4.034 

4.177 

1.0 

5 

0.0 

5000 

4.127 

4.267 

Table  5.1.1  Change  in  spectral  width,  peak  number  and  maximum 
values  with  the  springing  share.  The  cases  correspond  to  the 
distributions  in  Fig.  5.1.1. 
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Narrow  band  approximation  (No.  2) 


The  general  expressions  for  the  cumulative  probability  and  the 
probability  density  were  given  in  (5.1.1)  and  (5.1.2)  in  the 
last  article.  Introducing  Q(Z)  from  equations  (3.1.9)  and  (3.1.3) 
respectively,  gave  the  correct  distribution  functions.  One  may, 
however,  introduce  the  low-e-high-Z  approximations  (3.1.11)  and 
(3.1.6)  instead.  This  gives  the  cumulative  probability  function 
of  the  maximum  peak 

Pt(Z)  =  t  l-/l-e2  e"Z  /2]  NP  (5.2.1) 


and  the  probability  density 

gt(2) 


=  e-z2/2)  Np‘1  ze-z2'2 


(5.2.2) 


where  e  and  Np  are  to  be  evaluated  as  before,  that  is  by  (2.2.7) 
and  (2.4.1)  respectively. 


It  appears  from  the  discussion  in  Section  5.7  that  this  approxi¬ 
mation  is  very  close  to  the  exact  distribution  in  the  present 
context,  but  it  breaks  of  course  together  for  t  approching  1. 


5.4 


Approximation  with  double  exponential  distribution  (No.  3a 


The  cumulative  probability  function  of  the  short  term  extreme 
stress  was  with  very  good  approximation  given  by  (5.2.1),  that  is 


>t(Z)  =  [l-/l-e2  e"Z  /2 


2  Nr 


(5.3.1) 


The  characteristic  value  of  the  extreme  value  was  given  in  (4.2.1) 
This  may  be  written  as  an  expression  for  /l-e2,  viz.  zc2/2 


This  may  be  introduced  in  (5.3.1)  and  gives  then 


PtU>  .  [1-  i-  e-^a2>/2l  NP 

e-(22-2C2)/2  -N  e 
fa  e  =  e  z 


•Z  V2 


(5.3.2) 


(5.3.3) 


according  to  the  definition  of  e. 


The  probability  density  function  is 
g  t  ( z)  .  z  e-IZ2-Zc2>/2 


15.3.4) 


Np  and  e  do  not  appear  as  individual  parameters,  but  rather 
through  the  combination 


4-e2  Np  =  Nz  =  |r-  A  +  x2(t2-1) 


(5.3.5) 


in  the  characteristic  value 


Z  =  /2  In  N, 


(5.3.6) 


The  goodness  of  this  approximation  is  discussed  in  Section  5.7, 
and  is  found  to  agree  very  closely  with  the  exact  distribution. 


5.5 


5 .  1  Approximation  with  square  normal  distribution  (No.  48,13) 

The  double  exponential  approximation  for  the  short  term  extreme 
stress,  derived  in  Section  5.3  may  be  somewhat  modified  by  con¬ 
sidering  the  variable 


y  =  (Z2-Zc2)/2  or  Z2  =  2y  +  Zc2 


(5.4.1) 


The  probability  density  function  of  y  is,  from  (5.3.9), 

•  ,  .  -y  -e  ^  -y  -l+y-y2/2  +  .  .  . 
gt  (y)  =  e  •  e  =  e  J  •  e  1  1 


-  I  /2+-*‘ 

e 


l  -y2/2 
w  72^  e 


(5.4.2) 


That  is,  y  is  approximately  normal  distributed  with  expectation  . 
0  and  variance  1.  Hence  the  square  of  the  extreme  stress  Z2  is 
approximately  normal  with  expectation  Zc  and  variance  2. 

Hence  the  probability  density  of  Z  is  approximately 


,<Z,  z  e-U2-Zc2>2/8 


(5.4.3) 


with  the  cumulative  probability  function 

* 


2  2  —  7  2 

P  t(Z)  =  »(■  ■ 


(5.4.4) 


where  4>  is  the  ordinary  normal  probability  integral. 

One  may  argue  that  one  should  apply  the  expectation  value  (5.1.3), 
chat  is 


Z  c  =  2  In  Nz  +  (0 . 5772 .  .  .  .  is  Euler's  constant) 

(5.4.5) 

rather  than  the  characteristic  extreme  value  (4.2.1)  in  this  con¬ 
nection  . 

As  appears  from  Section  5.7,  the  distribution  has  no  skewness,  but 
the  variance  seems  reasonably  correct. 


5.6 


It  should  be  mentioned  that  according  to  the  last  section  the 
more  exact  distribution  of  the  variable  y  in  (5.4.1)  is  the 
elementary  double  exponential  distribution  with  density 

g  (u)  =  e  y  e  e 

which  has  the  following  main  parameters,  exactly  determined: 

Mean  value  y  =  Yd)  =  0.57721  (Eulers  const.) 

2.  central  moment  E(y-y)^  =  fd)  =  1.64493 

3.  central  moment  E(y-y)^  =  Y’'(l)  =  2.40411 

- etc . - 

The  Y ,  4'’,  Y11....  functions  are  the  successive  derivatives  of  lnT. 


"•T 
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j . 5  Application  of  distribution  for  positive  maxima  (No.  lb) 

The  probability  distribution  of  the  positive  maxima  was  treated  in 
Section  3.2.  It  was  also  shown  in  Section  4.2,  equations  (4.3.1)  to 
,4.3.3)  that  this  distribution  gives  the  same  characteristic  extreme 
value  as  the  complete  Rice  distribution,  provided  that  the  number  of 
peaks  is  correct.  The  probability  distribution  of  the  extreme  stress 
is  then  also  expected  to  be  closely  the  same. 


The  basic  equation  for  the  cumulative  probability  function  of  the 
extreme,  corresponding  to  (5.1.1)  is 


P*(Z) 


11 


-  Q+(Z)  ] 


Q+(Z)  given  by  (3.2.4) 

N+  given  by  (3.2.1) 
P 


(5.5.1) 


The  probability  density  function  is,  similar  to  (5.1.2), 

g+(t)  =  Np  [l-Q+(Z)]Np  1  g+(Z),  g+(Z)  given  by  (3.2.2) 

(5.5.2) 


The  distribution  is  very  slightly  different  from  (5.1.2) 


For  this  extreme  value  probability  distribution,  namely  (5.5.1)  , 
we  may  find  the  small- e  -large -Z-approximation  by  application 
of  Q+(Z)  from  (3.2.5),  just  as  it  was  done  for  the  complete  dis¬ 
tribution  in  Section  5.2.  This  gives  the  cumulative  probability 
distribution 


P*(Z) 


=  [1- 


A- 


e-22/2) 


a  Nr 


(5.5.3) 


which  is  not  exactly  the  same  as  (5.3.1),  but  indeed  very  close. 


One  may,  however,  proceed  further  and  find  the  double  exponential 
approximation  to  (5.5.3) ,  as  it  was  done  in  Section  5.3.  For 
this  purpose  one  expresses  the  characteristic  extreme  from  (4.3.2) 
on  the  form 


and  introduces  this  into  (5.5.3)  This  gives 


5.E 


p£  (Z) 


=  [1- 


-  (Z2-Z 


aNr 


c2)/2 


aNr 


,-(z 


2-5 


•)/2 


sa  e 


(5.5.5) 


which  is  identical  with  (5.3.3)  . 

That  is:  The  extreme  value  distribution  of  positive  maxima 
coincides  with  the  complete  extreme  value  distribution  on  the 
double  exponential  distribution  level  of  approximation. 
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■j  .  o  Approximation  with  generalized  gamma  distribution  (No.  5 ) 

In  Section  3.3  it  was  shown  that  the  truncated  Rice  distribution 
for  the  positive  maxima  may  be  replaced  by  a  generalized  gamma 
distribution  with  reasonable  accuracy.  Hence  a  probability  dis¬ 
tribution  function  for  the  short  term  extreme  value  may  be  estab¬ 
lished  by  the  basic  formulae  (5.5.1)  and  (5.5.2)  with  application 
of  the  required  functions  from  Section  3.3. 

This  gives  the  cumulative  probability  function: 


P*(Z)  =  [1  -  f  (a;Z2/2)/f  (a)  ]aNp 


(5.6.1) 


and  the  probability  density  function 


g^z) 


aNp  [1 


f  (a;Z2/2)/F (a)  ]aNp_1 


/2  .Z  . 2a-l 
TTaT  (72J 


e-Z2/2 


(5.6.2) 


with  the  parameters  a  and  aNp  defined  in  (2.2.8)  and  (2.4.1)- 

(2.4.3)  respectively.  That  is 


a 


+  1  +  X2 ( X  2~1 )  ' 

/1+x2 (x4-l) • 


(5.o.3) 


and 


aNp  =  Np  =  ^ ( Np  +  Nz] 


=  *5  NB 


,l^x2  (t4-l) 

1+x2 (t2-1) 


/ 


1+x2 ( x  2  —  1 ) 


(5.6.4) 


The  distribution  function  has  very  much  the  same  shape,  while 
the  most  probable  extreme  is  slightly  lower. 


One  may  also  reconsider  the  double  exponential  distribution  dis¬ 
cussed  in  Section  5.3,  with  the  characteristic  extreme  as 
/2  lna2Np  derived  in  (4.3.5).  This  gives  a  distribution  of  correct 
shape,  but  with  slightly  too  high  mean  value. 


5 . 7 


Discussion  of  alternatives 


Previous  in  this  article  different  representations  of  the  prob¬ 
ability  distribution  of  the  short  term  extreme  stress  peak  have 
been  derived.  These  are: 

No. la)  The  exact  probability  function  based  on  the  complete 

Rice  distribution  of  the  total  ensemble  of  local  maxima. 
Derived  in  Section  5.1. 

No . 2  Narrow  band  approximation  of  the  short  term  exceedance 
probability  introduced  into  No . 1 . 

Derived  in  Section  5.2. 

No. 3a)  Double  exponential  distribution  derived  from  No. 2  using 
the  characteristic  extreme  of  the  Rice  distribution. 
Derived  in  Section  5.3. 

No. 4a)  Square  normal  distribution  derived  from  No. 3a)  using 
the  characteristic  extreme  value  as  a  parameter. 

Derived  in  Section  5.4  using  equation  (5.4.5)  . 

No. 4b)  Square  normal  distribution  derived  as  in  No. 4a),  but 

using  the  expectation  value  of  the  extreme  as  a  parameter. 
Derived  in  Section  5.4  using  equation  (5.4.5). 

No. lb)  Exact  probability  function  based  on  the  truncated  Rice 
distribution  for  positive  maxima. 

Derived  and  discussed  in  Section  5.5. 

No. 5  Truncated  Rice  distribution  in  No. lb)  replaced  by  the 
generalized  gamma  distribution  approximation. 

Derived  in  Section  5.6. 

No. 3b)  Double  exponential  distribution  using  the  characteristic 
extreme  of  the  generalized  gamma  distribution. 

Derived  in  Section  5.6. 
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The  different  formulae  have  been  compared  by  considering  a  parti¬ 
cular  case  selected  in  the  region  where  approximations  are  most 
likely  to  fail,  viz.  in  the  large  -short  time  region. 

The  case  with  the  following  parameters  has  been  chosen: 


Springing  share 

Bendi nq/springing  period  ratio 
Number  of  springing  cycles 

Hence : 

Bending  share 
Spectral  width 

Peak-to  zero  crossing  period  ratio 
Fraction  of  positive  maxima 
Number  of  bending  cycles 

Number  of  zero  crossings  la  Np  =  2262.2) 

Total  number  of  peaks 
Number  of  positive  peaks 

Character istic  extreme  from  Rice  distribution 
Expectation  extreme  from  Rice  distribution 
Characteristic  extreme  from  gamma  distribution 
Alternative  value  from  gamma  distribution 


X 

=- 

1/3 

T 

= 

5 

= 

5000 

A-x2 

sz 

0 . 9428 

£ 

= 

0.8993 

a 

= 

0.4373 

a 

= 

0.71867 

% 

= 

1000 

Nz 

= 

1915.5 

Np 

= 

4380 

N 

- 

3147.8 

P 

ZC 

— 

3.8879 

E(ZC) 

= 

4.036  3 

Zc 

= 

3.9  304 

E(ZC) 

= 

4.0425 

Graphs  of  the  different  distributions  are  shown  in  Fig.  5.7.1. 

A  table  of  the  same  distributions  are  given  in  Table  5.7.1. 

A  table  with  a  qualitative  indication  of  the  fitness  of  the  ap¬ 
proximate  distributions  is  given  in  Table  5.7.2. 
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— 

PIS'] 

rRIBUTION 

Probable 

largest  value 

Standard 

deviation 

- - - - - — 

Skewness 

B 

Exact.  Complete 

Rice  distribution 

Basis  for 

comparison 

Basis  for 

comparison 

Basis  , for 

comparison 

1 

Narrow  band  ap¬ 
proximation 

++ 

++ 

++ 

B 

Double  exponential 

Rice  extreme 

++ 

++ 

++ 

4a) 

Square  normal, 

characterist .  extr 

+ 

+ 

Skewness  is 

too  small 

4b) 

Square  normal  ex¬ 
pectation  extreme 

3.5%  high 

+ 

Skewness  is 

too  small 

lb) 

Exact.  Truncated 

Rice  distribution 

++ 

++ 

++ 

General  gamma 

distribution 

2%  low 

++ 

+ 

3b) 

Double  exponential 

gamma  extreme 

1%  high 

++ 

++ 

++  very  close  agreement 
+  reasonably  close  agreement 

Table  5.7.2  Tentative  evaluation  of  the  three  first  moments  of  the 
extreme  value  distribution  representations.  The  evaluation  has  been 
performed  by  inspection  of  Fig.  5.7.1.  The  case  is  realistic  but 
unfavourable.  Discrepancies  are  generally  lower. 


Dispersion  of  the  extreme  value  distribution 


.8 


Fractiles  of  the  short  term  extreme  value  distribution  can 
conveniently  be  evaluated  from  the  double  exponential  distri¬ 
bution  representation,  equation  (5.3.3) 


P 


-N, 


-Z2/2 


(5.8.1) 


Solving  for  Z  gives  immediately  the  P-fractile  Zp 

Zn  =  /- 2  ln(i-  In  h  =  /2  /lnNz  -  ln(ln  i)  (5.8.2) 

That  is:  There  is  100 *P%  chance  that  the  extreme  value  shall 
be  less  or  equal  to  Zp. 

The  characteristic  value  Zc  correspond  to  the  36.8%  fractile  (1/e)  . 

As  a  measure  for  dispersion  we  may  choose  the  68%  confidence  inter¬ 
val  (corresponding  to  the  -  one  standard  deviation  in  the  normal 
distribution).  The  interval  is  determined  by: 

-  Lower  limit,  16%  fractile 

i^  =  /2  /lnNz  -  0.606  (5.8.3) 

-  Upper  limit/  84%  fractile 

Z0.84  =  /2  /TRnz  +1.75  (5.8.4) 

Taking  half  of  the  68%  confidence  interval  as  an  estimate  for 
the  standard  deviation  of  the  extreme  value  6z,  we  find 

*Z  =  {/lnNz  +  1 77 5  -  /lnNz  -  0“.606  }  (5.3.5) 

The  relative  deviation,  6Z/ZC,  is  shown  in  percent  in  Fig.  5.8.1 
and  is  seen  to  have  characteristic  values  of  order  5-10%. 

This  is  in  the  same  order  of  magnitude  as  the  increase  experienced 
when  the  stress  goes  from  pure  bending  to  pure  springing  (Fig.  4.2.1) 
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Fig.  5.8.1  Standard  deviation  of  the  extreme  value  represented 
by  one  half  of  the  68%  confidence  interval  (heavy  line)  and  by 
1/ZC  (dotted  line) .  The  deviation  cover  only  the  natural  dis¬ 
persion  present  when  all  parameters  are  known  and  fixed. 


A  more  handy  but  less  stringent  expression  for  the  dispersion 
of  the  extreme  value  can  be  derived  from  Section  12.4.  In  this 
section  it  was  shown  that  the  variable 

y  =  (Z2  -  Zc2)/2  (5.8.6) 

is  approximately  normal  distributed  with  expectation  0  and  standard 
deviation  1.  Since  Z  is  rather  close  to  Zc,  (13.6)  gives 

y  =  h(z  ~  zc)  (Z  +  zc)  «  !*(Z  -  ZC)2ZC  =  (Z  -  zc)/(l/zc)  (5.8.7) 

which  shows  that  Z  is  roughly  normal  with  standard  deviation 

6Z  =  1/ZC  (5.8.8) 

The  relative  standard  deviation,  1/ZC  ,  is  plotted  in  Fig.  5.8.1. 

It  is  found  to  correspond  closely  to  1/2  of  the  60%  confidence 
i  nlerva 1 . 


6.1 


6.  EXTREME  VALUE  DISTRIBUTION  BY  UNKNOWN  SPECTRAL  WIDTH 

So  far  we  have  only  considered  stationary  cases  where  the  spring¬ 
ing  share  x  and  the  bending  period  ratio  x  are  assumed  to  be  known. 
When  x  and  x  are  known,  one  also  knows  the  spectral  width  ►  and 
the  related  parameters  a  and  a  which  in  turn  determine  the  number 
of  zero  crossings  Nz  (in  terms  of  springing  cycles) ,  and  Nz  is 
the  only  term  in  the  basic  extreme  value  expression  which  is 
dependent  of  the  springing-to-bending  relationships.  See  equa¬ 
tions  (4.2.1),  (4.3.3),  (5.1.3),  (4.3.5),  (4.3.9)  among  others. 

Further  about  the  number  of  zero  crossing  cycles,  we  know  that 
it  will  always  lie  somewhere  between  the  number  of  bending  cycles 
Nq  and  the  number  of  springing  cycles  Ns ,  thus 

NB  <  Nz  <  Ng  or  i  ^  S  1  (6.1.1) 

This  was  discussed  in  Section  2.4. 

Thus,  in  a  stationary  condition,  if  one  knows  the  total  stress 
RMS  value  a,  the  springing  and  bending  periods,  Ns  and  x,  but  is 
completely  ignorant  about  the  mixing  ratio  of  springing  and  ben¬ 
ding,  the  number  of  zero  crossing  cycles  Nz  can  only  be  determined 
by  a  probability  distribution.  The  probability  distribution  which 
conveys  minimum  information  and  which  introduces  largest  uncertainty 
in  the  predicted  extreme  value  is  the  uniform  distribution  between 
Ng  and  Ns .  That  is:  Nz  has  the  probability  density  function 

h(N)  =  ns-Nb  Nb  $  N  ^  Ns  (6.1.2) 

which  has  the  mean  value 

N  =  *5  ( Nb+Ns)  (6.1.3) 

and  the  standard  deviation 


6.2 


Kx pressed  by  the  bending  period  ratio  T,  the  standard  deviation 
relative  to  the  mean  value  is 

jN!  =  f4  i3  -  1 
N  '■3  ( t - 1 )  (  T  +  l)  2 

A  plot  is  given  in  Fig. 6.1.1. 


(6.1.6) 


BENDING  PERIOD  RATIO,  T 

Fig.  1 1. 1.1  Relative  uncertainty  in  number  of  zero-crossing 
cycles  in  the  case  of  a  uniform  probability  distribution  between 
NB  and  Ng .  The  dotted  line  is  the  corresponding  uncertainty  in 
the  characteristic  extreme  value. 


In  the  case  studied  in  Section  12.7  a  time  interval  was  considered 
which  covered  Ng  =  5000  springing  cycles  and  Ng  -  1000  bending 
cycles,  that  is  =  5.  If  one  is  ignorant  about  the  number  of 
zero  crossings  in  this  case,  the  uniform  distribution  (6.1.2) 
prescribes  a  mean  number  of  (3000  -  1154)  cycles.  The  uncertainty 
is  38.5?,. 
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With  this  probability  distribution  of  Nz  ,  the  characteristic 
extreme  value 


Zc  =  /2  In  Nz 


(6.1.6) 


also  becomes  a  random  variable  with  a  probability  density  function 


k  (Z) 


1 

Ns-Nb 


Z  2/2 


/21nNB  < 


Z  <  /21nNg 


(6.1.7) 


The  relative  uncertainty  in  the  characteristic  extreme  caused 
by  the  uncertainty  in  number  of  cycles  is  approximately 


6 


z 


z 


2  InN 


6N  1  6N 
—  rj  — 2  — 
N  Z  N 


(6.1.8) 


the  relative  uncertainty  in  N  being  given  by  (6.1.5)  .  Since 
N  in  the  short  term  case  is  of  order  N  =  1000  we  have  (21nN) 
being  roughly  15.  The  relative  uncertainty  in  the  characteristic 
extreme  is  thus  of  order  1/15  of  the  relative  uncertainty  in  the 
number  of  periods,  which  is  below  5%  in  most  practical  cases. 

In  the  numerical  example  it  is  about  2.5%.  This  means  in  the 
practice  that  the  extreme  value  distribution  under  uniformly 
distributed  number  of  cycles  is  expected  to  deviate  insignifi¬ 
cantly  from  the  extreme  value  distribution  obtained  with  the 
number  of  cycles  fixed  at  the  mean  value  (6.1.3) . 


To  derive  the  actual  probability  distribution  of  the  short  term 
extreme  value  by  unknown  number  of  cycles,  the  double  exponential 
approximation  (5.3.3)  is  most  convenient.  The  cumulative  prob¬ 
ability  distribution  by  given  Nz  is 

-Z2/2 


P*-  (Z;  Nz  =  N)  =  e 


-N  e 


(6.1.9) 


Weighted  by  the  probability  distribution  (6.1.2)  for  the  number 
of  cycles  N,  one  obtains 


Ns 

Pt(Z)  =  kT'-m  '  /  e~NS 

1  ns"nb  Nb 


-Z2/2 


ns"nb 


Z2/2 


dN 

e-NBe-z2/2_  e-NSe-z2/2 


(6.1.10) 
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which  is  the  cumulative  probability  distribution  of  the  short 
term  extreme  when  number  of  zero  crossings  is  unknown.  The 
corresponding  probability  density  is 


gt  (Z) 


ns-nb  {  (N; 


,  Z  2 / 2 .  -NRe 
,+e  )  e  B 


2 

-Z  /2 


-  (Ns+e 


z  2/2 ) e_NSe 


-Z2/2 


(6.1.11 


This  distribution  is  graphed  in  Fig.  6.1.2  for  the  case  studied 
in  Fig.  5.7.1. 


Fig.  6.1.2  also  shows  the  probability  distribution  of  the  extreme 
value  when  the  number  of  zero  crossings  is  fixed  at  the  mean  value 
of  Nz  =  3000.  The  peak  values  of  the  two  distributions  indicate 
that  the  standard  deviation  of  the  extreme  increase  by  a  factor 
1.47/1.36  =  1.081,  that  is  8.1%,  oy  the  loss  of  information  about 
the  number  of  zero  crossing  cycles. 


Fig.  6.1.2  Probability  function  of  the  extreme  by  unknown, 
uniformly  distributed  number  of  cycles. 


UNCERTAINTIES  IN  SHORT  TERM  EXTREME  VALUE  PREDICTIONS 


It  appears  from  (4.2.1)  and  (5.4.1)  that  the  extreme  response 
under  stationary  conditions  can  be  written 

S  =  oZ  =  /2  ’  /lnNz  r'y  (7.1.1) 

y  is  a  normalized  random  variable  which  is  responsible  for  the 
natural  dispersion  of  the  extreme  value,  approximately  normal 
distributed  with  expectation  value  y  =  0  and  standard  deviation 
Is y  =  1.  More  exactly  y  is  double  exponential  distributed  with 
y  =  0.5772  and  6y  =  1.2825. 

Nz  is  the  number  of  zero  crossings,  in  the  most  unfavourable 
case  uniformly  distributed  between  Ng  and  Ng.  Expectation  value 
N  is  the  arithmetic  mean,  and  standard  deviation  6^  which  may 
amount  to  the  order  of  Ng  (6.1.4) 

o  is  the  RMS  of  the  complete  response  subjected  to  a  normal  error 
distribution  with  expectation  a  and  standard  deviation  60. 
Depending  on  the  situation, a  may  be  monitored  in  real  time  with 
a  relative  uncertainty  of  order  5-10%,  or  it  may  appear  from 
wave  load  response  calculations  and  has  then  a  still  higher  un¬ 
certainty  . 

Uncertainties  in  y,  Nz  and  a  makes  the  actual  extreme  peak  S  un¬ 
certain  with  expectation 

S  =  /2o  /TnS  =  oZ  (7.1.2) 

and  standard  deviation  s  given  by 

—  =  AS)  2  7  (i-  — )2  +  (i-)2  Z  =  J'l  InN  (7.1.3) 

S  0  Z2  N  Z2 

The  second  term  under  the  square  root  stems  from  (6.1.8)  and 
the  last  term  from  (5.8.8). 


a  ii  wjiWTTi 


Considering  the  case  studied  in  section  5.7  and  Fig.  6.1.2, 
and  assuming  10%  uncertainty  in  the  RMS  value  a,  we  have 


Z  =  4.0 

N  =  3000  (7.1.4) 

' N  =  1154 

which  give 

iS  =  /o.LO2  +  0.024  02  +  0 . 06  2  5 2  =  /o.l2  +  0.06  72  =  0.12 
S 

(7.1.5) 

It  is  hence  seen  that  the  uncertainty  caused  by  unknown  number 
of  cycles  is  nearly  exhausted  by  the  natural  dispersion  y.  And 
both  these  error  sources  are  nearly  exhausted  by  the  uncertainty 
in  the  RMS. 

It  is  also  observed  that  when  uncertainty  in  RMS  is  disregarded, 
the  relative  uncertainty  in  the  extreme  stress  becomes 

(1  +  0.075)  =  0.067 

(7.1.6) 

which  confirms  the  conclusion  drawn  from  Fig.  6.1.2:  By  loss 
of  information  about  the  number  of  cycles,  the  uncertainty  in 
extreme  value  increases  with  7.5%  («*  8.1%),  viz.  by  increasing 
from  0.0625  to  0.067. 


FATIGUE  CRACK  AND  PROPAGATION 
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8  . 


8 . 1  Elementary  considerations 

It  is  convenient  to  consider  fatigue  in  terms  of  crack  propa¬ 
gation  velocity.  Consider  a  crack  of  present  linear  extension 
a.  Under  the  influence  of  a  pure  stationary  bending  stress,  the 
crack  proceeds  with  a  mean  velocity  vB 

,,  =  d£-da.dN  =  da.i_=da 

B  dt  dN  dt  dN  Tb  dN  tTs  1  ' 

Under  a  pure  stationary  springing  stress,  the  crack  proceeds 
with  a  mean  velocity  vs 


Now  da/dN  which  occurs  in  both  (8.1.1)  and  (8.1.2)  is  the  mean 

crack  increase  per  cycle,  and  provided  that  the  stress  RMS  is 

the  same  in  both  cases,  then  da/dN  are  also  the  same  in  both  cases. 


Thus  we  obtain  under  very  general  conditions,  that  when  the  stress 
goes  from  pure  bending  to  pure  springing  under  fixed  RMS,  cracks 
accelerates  with  a  factor 


and  correspondingly,  the  fatigue  life  time  is  reduced  by  a  factor 

1/t  • 

As  t is  of  order  3-4-5,  one  may  conclude  that  fatigue  may  be  rather 
sensitive  to  the  presence  of  springing. 
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Fat u e  under  combined  bending  and  springing 


Proceed mq  with  development  of  cracks  as  a  model  for  fatigue 
and  deteriorating  processes  it  can  be  shown  that  distinctly 
separated  spectral  stress  peaks  do  not  interact.  This  is  only 
an  assumption,  but  it  may  be  supported  by  results  obtained  with 
tiie  ruinflow  cycle  counting  method  which  is  presently  reyarded 
as  the  most  reliable  cycle  counting  method  for  crack  propagation 
as  well  as  Miner  calculations . 

The  ’propagation  speed  v  of  a  crack  is  thus  the  sum  of  the  bending 
term  vB  and  the  springing  term  vs .  The  linear  extension  a  of  a 
one-dimensional  crack  has  then  the  velocity 


da  da  1  da  1 

V  “  dt  VB  vs  dN  Tb  dN  Ts 


(8.2.1) 


According  to  Paris  et.al.  /8/  the  increment  da/dN  per  cycle  is 
related  to  the  stress  intensity  AK  through 


da 

dN 


C  ( A  K )  m 


(C  and  m  are  constants) 


(8.2.2) 


The  stress  intensity  has  a  linear  relationship  to  the  nominal, 
local  stress  amplitude  S  through 


A K  =  /na  g  ( a )  S 


(8.2.3) 


where  g(a)  is  a  geometry  factor.  When  the  sequence  of  amplitudes 
S  is  not  constant  in  magnitude,  but  fluctuating  according  to  a 
Rayleigh  distribution  with  parameter  /2a,  the  average  contribution 
from  each  cycle  is 

— ^  =  C  [  /2na  g(a)]m  r(l+m/2)om  =  C'an’  (8.2.4) 

c’  is  a  new  constant  which  changes  only  slowly  with  the  crack 
depth,  but  which  is  instantaneously  the  same  for  springing  and 
bend i ng . 


Introduced  in  (8.2.1)  we  then  find  the  crack  velocity 


o.3 


- -  m  f  <’Bm  os™- 

v  =  C  [  /  2  n  a  g  (a)  ]  i'(l+m/2)  = —  +  — —  (8.2.9) 

XB  TS  J 

where  Ug  and  og  are  the  RMS  of  bending  and  springing  only. 
Introducing  the  total  RMS,  o,  gives 

m  * i 

v  =  C[/2rTa  g  ( a )  ] m  i'(l+m/2)  ~  (/l-x2)m  +  ixm  (8.2.6) 

1 B  J 

Here  the  last  bracket  is  a  factor  which  tells  how  more  faster 
the  cracking  process  goes  on  when  the  stress  changes  gradually 
from  pure  bending  to  pure  springing  through  x.  The  fatigue  life 
is  reduced  by  the  same  factor.  By  definition,  this  factor  is 
closely  related  to  a  spectral  correction  factor,  denoted  A, 
appearing  in  the  literature  /9/.  For  the  present  case  we  have 
thus  in  particular 

\ '  =  ( /l-x2)m  +  fxm  (8.2.7) 

which  is  graphed  in  Fig.  8.2.1  for  different  values  of  m  and  x. 
The  normal  value  of  m  is  3-4,  but  values  up  to  8  appear  in  diff¬ 
erent  codes  /10/.  (It  should  be  noted  that  m  in  the  crack  propa¬ 
gation  approach  is  equal  to  the  slope  parameter  of  the  Wohler 
curves  usually  entering  into  the  Miner  fatigue  calculations) . 

It  is  observed  from  Fig.  8.2.1  that  the  fatigue  decreses  slightly 
for  a  small  component  of  springing  when  the  total  RMS  is  given. 
This  is  in  accordance  with  common  evidence,  since  fatigue  is 
known  to  decrease  by  less  regular  cycle  forms.  For  larger 
springing  share,  the  fatigue  rate  increases  rapidly  up  to  the 
factor  x  predicted  in  Section  8.1  due  to  the  increased  number  of 
cycles.  In  case  the  squared  snringing  share  x2  in  the  long  run 
is  Beta  distributed  (see  section  9.2)  with  parameters  (r,s),  and 
i  is  considered  constant,  the  long  term  average  of  the  spectral 
correction  factor  due  to  sDringing  is 

“T  =  q  (~7f  s~)  [j3  ( r ,  s+m/2 )  +  T3(r+m/2,s)^  (8.2.8) 

There  is  one  inconsistency  in  (8.2.7):  The  spectral  correction 
factor  A  should  approach  1  for  t=l,  that  is  when  the  two  spectral 
components  coincide  to  one.  This  is  only  the  case  for  m=2 . 


CORRECTION  FACTOR,  X  FATIGUE  CORRECTION  FACTOR 


and  Tn. 
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8 . 3  Comparison  with  regression  formula 

An  empirical  formula  for  the  spectral  correction  factor  A  is 
suggested  in  /9/  and  has  the  form 

A  (m,  r. )  =  a(m)  +  [  1-a  (m)  ]  ( 1-e )  b  ^  (8.3.1) 

By  regression  analysis  of  counting  tests  on  simulated  random 
records,  the  functions  were  determined  to 

atm)  =  0.926  -  0.033  m  ,Q  , 

(0.3.2) 

b(m)  =  -2.323  +  1.887  m 

Due  to  definition  of  periods,  (8.3.1)  is  not  quite  the  same  as 
(8.3.1),  but  a  relationship  may  be  established  by 

A  =  =  /l+x2 ( t  2-l )  |a (m) +[ 1-a (m)  ] [ 1-e (x, t)  ]b (m) j  (8.3.3) 

e(x,t)  =  x(x-l)  -/  I  ~  (8.3.4) 

l+x2 ( x  4  —  1 ) 

c  is  quoted  from  (2.2.7). 

Tha  fatigue  correction  factor  derived  from  this  equation  is 
graphed  in  Fig.  8.3.1,  and  should  be  comparable  with  Fig.  8.2.1. 
The  fatigue  rate  is,  however,  seen  to  increase  much  more  steadily 
wit-h  the  springing  share  than  predicted  previously. 

The  stress  spectra  on  which  (8.3.1)  and  (8.3.2)  are  based  are 
of  different  nature  than  the  two-peak  spectrum  underlying  (8.2.7), 
and  it  is  not  immediately  clear  which  procedure  that  gives  the 
most  correct  results. 
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9  LONG  TERM  DISTRIBUTION  OF  RMS 


9 . 1  Distributions  in  a  special  case 

In  one  particular  case  the  long  term  probability  distributions 
of  the  total  RMS  and  the  springing  share  can  be  exactly  derived 
from  the  long  term  bending  and  springing  RMS-distributions . 

This  occurs  when  the  bending  RMS  oB  follows  a  general  gamma  dis¬ 
tribution  (3.3.1)  on  the  particular  form 

f(oB)  =  f(m,  2,  B;  oB)  =  n|yB  (^)2m_i  e~(0B/B>2  (9.1.1) 

and  the  springing  RMS  cs  follows  the  almost  similar  distribution 

f(as)  =  f (n,  2,  B;  as)  (9.1.2) 


In  tnis  case  the  total  RMS  a  defined  through  (2.1.2) 
a2  =  aB2  +  cts2 


(9.1.3) 


has  the  related  distribution  function 


f(cr)  =  f(m+n,  2,  B;  a)  = 


2  °1  2(m+n)-l  -(o/B) 

T (m+n)  *B  ' 


(9.1.4) 


That  is,  in  this  particular  case  the  shape  parameters  m  and  n 
for  the  bending  and  springing  are  additive  such  that  the  corres¬ 
ponding  parameter  for  the  total  RMS  is  (m  +  n) . 


Some  selected  members  of  this  class  of  distributions  are  shown 
in  Fig.  9.1.1,  normalized  to  scale  parameter  B  =  1.  This  plot 
may  in  some  situations  be  used  qualitatively  to  judge  the  impor¬ 
tance  of  vibration  components. 

For  example,  if  a  Weibull  plot  of  the  bending  and  springing  RMS 
are  relatively  positioned  roughly  as  the  curves  for  m  =  1.0  and 
m  =  0.25  respectively,  then  the  total  RMS  is  positioned  roughly 
as  the  m  =  1.25  curve.  That  is  the  presence  of  springing  increases 
the  extreme  stress  level  with  order  3-4%. 
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The  statistical  moments  of  the  distribution  (9.1.1)  are 


=  E  (a2) 


i  r (m+i/2) 

r<m) 


(9.1.5) 


That  is,  the  parameters  m  and  B  can  be  expressed  by  moments 
through 

M o 2 

m  =  - - - r  (9.1.6) 

M4  -  m2 

B2  =  M2/m  (9.1.7) 


In  the  particular  case  treated  here,  the  squared  springing  share 
=  (os/o)  is  Beta-distributed  with  parameters  m  and  n.  The 
probability  density  function  of  x  is  then 


p(x) 


2T (m+n) 
r (m) T(n) 


x2n~1(l-x2)nl~1 


(9.1.8) 


The  probability  density  of  the  bending  share  is  obtained  by 
interchange  of  m  and  n. 
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9 . 2  Distribution  in  general  cases 

The  simple  relationship  between  the  individual  and  the  resulting 
distribution  of  RMS  ( 9 . 1 . 1 ) - ( 9 . 1 . 4 )  does  not  hold  in  general. 
Neither  does  the  exact  Beta-distribution  hold  for  the  squared 
springing-  or  bending  share. 


One  may,  however,  fit  the  same  distributions  to  the  empirical 
data  by  methods  defined  in  the  sequel: 

Variables  defined  in  the  interval  (0  -  °°)  : 


This  yields  in  particular  springing,  bending 
Statistical  distribution  may  be  approximated 
gamma  distribution  with  parameters  (b,  g,  B) 


f(Z)  = 


r(b)B 


(|)bg-l  e-(Z/B)g 


and  total  RMS. 
with  the  generalized 
with  density 


(9.2.1) 


The  parameters  b,  k  and  B  may  be  estimated  by  the  method  of  mom¬ 
ents  as  defined  in  /6/  through  the  following  steps: 


-  The  measured  values  are 


ZX  Z  2  Z3. 


JN 


(9.2.2) 


Evaluate  estimators  for  the  logarithmic  mean  value,  variance 
and  skewness: 


1  N 

R  =  n  I  lnZi 


(9.2.3) 


1  N  2 
V  -  if*  E  <inZi  -  R> 


(9.2.4) 


T  =  S'V2 


(N-l)  ( N—  2 )  il1  (lnZi  ~  R) 


(9.2.5) 
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-  Determine  the  value  of  the  shape  parameter  b  from  the  formula 

-  4"  '  (b)/V  (b)  3/2  =  /T/ 

The  table  in  Appendix  A  may  be  used. 

-  Determine  the  slope  parameter  k  by 

+  for  T  <  0 

g  =  -/4rTT5T7v  (9.2.6) 

-  for  T  >  0 

-  Determine  the  scale  parameter  B  through 

B  =  exp  (R  -  4<(b)/g)  (9.2.7) 

Available  computer  programs  are  described  in  /ll/  and  /12/.  It 
should  be  stressed,  nowever,  that  the  empirical  estimates  (9.2.3)- 
(9.2.5)  should,  if  possible,  be  calculated  directly  from  the  ob¬ 
served  values  in  the  sequence  (9.2.2)  .  Grouping  of  data  into 
classes,  which  is  more  or  less  explicitely  assumed  in  the  programs 
has  proved  to  introduce  unnecessary  inaccuracies,  in  particular 
in  the  determination  of  the  skewness  parameter  b. 

Variables  defined  in  the  interval  (0,1) 


Variables  defined  in  (0,1)  are  among  others: 

-  The  spectral  width  t 

-  The  peak-to-zero  crossing  period  Lo  a 

-  The  springing  share  x 

-  The  bending  share  xg 

-  The  fraction  of  positive  maxima,  redefined  as  (2a-l) 

The  squared  values  of  the  variables  are  also  defined  in  (0,1) . 

The  statistical  distributions  of  such  variables  may  be  approximated 
by  the  Beta-distribution  with  the  density 

-  r  (m+n)  7n-l,. 

T  (m)  T  (n)  Z  U-Z) 


g(Z) 


(9.2.3) 
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The  two  parameters  m  and  n  may  be  determined  by  the  mean  value 
and  standard  deviation  as  follows: 

-  Determine  the  value  2  and  the  variance  V  through 

Z  =  i  Z  Z±  (9.2.9) 

V  =  Z  (Z.  -  Z)  2  (9.2.10) 

N-l  l 

-  Determine  the  parameters  n  and  m  through: 

n  =  (Z  -  Z2  -  az2) Z/V  (9.2.11) 

m  =  n(l-Z)/Z  (9.2.12) 

2  2 

Preferably  the  squared  variables  e  ,  x  etc.  should  be  matched 

o 

to  the  Beta-distribution,  because  then  the  distributions  of  a  = 

p  p  P 

1  -  e  and  x^  =  1  -  x  are  simultaneously  determined.  The  pro¬ 
bability  distribution  of  the  variable  themselves,  i.e.  e  or  x  are 
then  given  by  the  function  (9.1.8) . 
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10.  LONG  TERM  DISTRIBUTION  OF  POSITIVE  MAXIMA 
10.1  Proposed  procedure 

Suggest  that  the  distribution  of  local  maxima  under  stationary 
conditions  can  be  described  by  a  general  gamma  distribution  with 
parameters  (a,  h,  A).  By  section  3.3  this  distribution  should 
approximate  the  truncated  Rice  distribution,  giving  in  particular 

a  =  fraction  of  positive  maxima  in  interval  (0.5,  1) 
h  =  2  (10.1.1) 

A  =  /2o 


The  scale  parameter  A  is  distributed  in  the  long  run  according 
to  a  general  gamma  function  with  parameters  (b,  g,  B) . 

Neglecting  period  fluctuations  for  the  moment,  the  long  term 
distribution  of  local  maxima  is 

oo 

fs(S)  =  / f(a,  h,  A;  S)  f  (b,  g,  B;  A)  dA  (10.1.2) 

0 

This  distribution  can  be  approximated  by  a  general  gamma  distri¬ 
bution  with  parameters  (d,  k,  D)  by  a  method  which  gives  correct 
logarithmic  moments  up  to  the  third  order. 


Transforming  (10.1.2)  to  InS,  one  may  find  the  moment  generating 
functions  of  the  distributions  on  each  side  of  the  equality  sign. 
Equating  the  moment  generating  functions  gives 


(u) 


=  E(eUS)  = 


-,u  r(d+u/k)  _  „u 
3  “ TTdj  B 


r (a+u/h) r (b+u/g) 
r<a) r (b) 


(10.1.3) 
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Hence  the  cumulant  generating  function  is 


0(u)  =  In  $(u)  (10.1.4) 

From  this  function  the  cumulants >Cn  of  general  order  r  can 
be  derived  by 


n 


d0 

du 


u=o 


(10.1.5) 


Comparing  the  first  three  cumulants  of  (10.1.3)  gives  the 
three  equations  for  determination  of  the  gamma  parameters 
d,k  and  A. 


* 


1 

2 

3 


InD  +  y(d)/k 
Y1 (d) /k2 
Y11 (d) /k3 


InB  +  V (a)/h  +  V (b)/g 
4'1(a)/h2  +  I1  (b)  /g2 
>f11(a)/h3  +  'l11(b)/g3 


(10.1.6) 

(10.1.7) 

(10.1.8) 


Hence  the  skewness  coefficient  on  each  side  is 


H  3  4(11(d)  _  V11  (a)  /h3  +  H,11(b)/g3 

^23/2  y1(d)3/2  1  ( a )  /h 2  +  H*1  (b)  /g2}  3/2  (10-1,9) 

The  right  side  is  known,  and  the  middle  term  is  only  a 
function  of  d.  Hence  d  can  be  evaluated  by  the  table  in 
Appendix  A. . 


Once  d  is  known,  k  may  be  evaluated  from  the  second 
cumulant  identity  (10.1.7) 


k 


^1(d) 


1/2 


f1 (a) /h2+  f1(b)/g2 


(10.1.10) 
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and  finally  from  the  first  cumulant  (10.1.6)  one  finds 

D  =  B  expjv(a)/h  +  4'(b)/g-4'(d)/k^  (10.1.11) 

In  the  present  particular  case  of  Rice~distributed  short  term 
maxima  we  have  h  =  2. 

If  the  long  term  distribution  of  the  RMS  value  a  rather  than 
of  A=/2o  is  known,  B  should  be  set  equal  to  2  x  the  scale 
parameter  of  the  long  term  distribution  of  a. 


10.2  Rayleigh  short  term  -  Weibull  RMS 


10.4 


2o  get  an  idea  about  the  validity  of  the  procedure  proposed 
in  the  last  section,  one  may  consider  the  particular  case  of 
narrow  banded  stresses  (Rayleigh  distribution)  where  the 
A  =  ^2  RMS  is  Weibull  distributed  in  the  1  ig  run. 

In  this  case  we  have 


a  =1 
h  =2 
b  =  1 
4(1)  =  0.57721 
4' 1  ( 1 )  =  1.64493 
■tllU)=  2.40411 


When  the  Weibull  parameters  k  and  B  of  the  long  term  distribution 
of  )f2  RMS  are  known,  the  gamma  parameters  d,k  and  D  of  the 
amplitude  distribution  may  be  determined  from  (10 . 1 .9) -  (10 . 1 . 11) 

Some  corresponding  values  are  given  in  Table  10.2.1. 


g 

d 

k 

(D/B) 

0.65 

0 

0.749 

1.16 

0.436 

0.516 

1.0 

1.50 

0.674 

0.399 

1.5 

1.79 

0.806 

0.361 

2.0 

1.89 

0.918 

0.384 

2.5 

1.83 

1.034 

0.442 

3.0 

1.72 

1.147 

0.508 

3.5 

1.60 

1.254 

0.575 

4.0 

1 . 50 

1.349 

0.631 

4.5 

1.42 

1.429 

0.678 

5.0 

1.35 

1.503 

0.720 

5.5 

1.30 

1.561 

0.752 

6.0 

1.26 

1.610 

0.778 

Table  10.2.1.  Parameters  of  long  term  distribution  of 
amplitudes  by  Rayleigh  distributed  short  amplitudes  and  Weibull 
distributed  ^f*2  RMS. 


Corresponding  values  can  also  be  determined  from  Fig. 10. 2.1. 


Fig. lo. 2.1.  Graph  of  gamma  parameters  for  long  term  stress 
amplitudes  (d,X,D)  by  Rayleigh  short  term  amplitudes  (lf2,\T2o) 
and  Weibull  long  term  \ [2a,  that  is  (l,g,B). 


Comparison  may  be  made  by  a  procedure  reported  by  Nordenstr0m 
/13/  where  the  objective  was  to  fit  a  Weibull  distribution  to 
(10.1.2)  which  should  give  good  accuracy  for  large  stresses. 


Some  corresponding  values  for  d,k  and  D  obtained  by  the  two 
methods  are  listed  in  Table  10.2.2. 


Nordenstr0m ' s  values 

Present  method 

V 

g 

d 

k 

D/B 

d 

k 

D/B 

0.5 

1.0 

.428 

.  560 

1.16 

.436 

.516 

1.0 

1.0 

.722 

.611 

1.50 

.674 

.399 

2.0 

1.0 

1.086 

.690 

1.89 

.918 

.384 

4.0 

1.0 

1.444 

.782 

1.50 

1.349 

.631 

6.0 

1.0 

1.614 

.834 

1.26 

1.610 

.778 

oo 

1.0 

2.0 

1.0 

1.0 

2.0 

_ 

r _ 

Table  10.2.2.  Some  corresponding  amplitude  distribution 
parameters  obtained  by  different  methods. 

Weibull  plots  of  the  distribution  obtained  for  g=1.0  and  6.0 
are  shown  in  Fig. 10. 2. 2.  The  corresponding  distributions  are 
seen  to  coincide  for  large  stresses  where  Nordenstrpms  values 
are  most  correct.  This  investigation  gives  some  confidence 
to  the  present  procedure,  at  least  for  low  spectral  width. 


L' 


I 


Cumulative  probablility  distribution 
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11.  CONCLUDING  REMARKS. 


The  validity  of  the  way  of  establishing  the  long  term  stress 
distribution  outlined  in  chapter  10  should  be  more  thoroughly 
studied,  in  particular  for  wide  band  stresses. 

The  long  term  parameters  (d,k,D)  for  half-normal  short  term 
stress  distribution  and  Weibull  long  term  D-distribution  are 
given  in  Table  11.1  and  Fig. 11.1  analogous  to  the  representation 
in  Section  10.2.  However,  alternative  data  for  comparison  are 
not  imediately  available. 

When  the  long  term  statistical  distribution  of  loeal  maxima 
is  established  in  terms  of  the  probability  distribution 
P(d,k,D*S)  the  characteristic  long  term  extreme  can  be  established 
as  the  (1-N^  +)  fractile,  This  may  always  be  solved  numerically, 
for  instance  by  /ll/  which  solves  this  by  Wegstein  iteration. 


One  may  also  evaluate  a  characteristic  extreme  value  by  the 
asymptotic  expression 


J-  N+ 
’(d)  p 


(d-l/k) ln[ln(fYdjNp+) 


1/k 


(11.1.1) 


The  probability  distribution  of  the  extreme  value  is  given  as 

N+ 

P(z)  =  P  ( d ,  k  ,  D  ,*  S )  p  (11.1  .2) 

analogous  to  (5.1.1),  and  may  be  discussed  along  much  the 
same  lines  as  in  the  stationary  case  Chapter  5. 


The  influence  of  the  changes  in  period  should  be  investigated. 


.0337 

.0209 

.0231 

.0297 

.0369 


0442 
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WEIBULL  PARAMETER  g 

Fig.  11.1  Graph  of  gamma  parameters  for  long  term  stress 
amplitudes  (d,k,D)  by  one-sided  normal  short  term  distribution 
(*5,2,\j2o  with  parameters  (l,g,B). 
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APPENDIX  A 


A. 


TABLE  OF  POLY-GAMMA  AND  RELATED  FUNCTIONS. 


Following  quantities  are  tabelled: 

X 

GAMMA 
PS 
PS1 
PS2 

PS/VPS1 
VPS 

PS2/PS1XX3/2 


argument  of  functions 
r(x) 

Ip  (x) 

Ip'  (x) 

<p"(x) 

Ip  (x)  /  •/ lp  ‘  (x) 

/<p'  (x) 

ip"(x)/ip'  (x)3/2 
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.  1  114 

-.0124 

fa. 575b 

.3337 

3334 

'* .  4H 

114  1 64 . 4 

2.1455 

.  1  112 

-.0124 

6.5’:  26 

.3335 

-.3332 

4J 

115694.  5 

2. 14U6 

.1111 

-.0123 

5.  53  46 

.3333 

-.3330 

•17? 


I 


X 

(■  , 

»•  ;i 

'••'.2  i 

■  .  m>5 1 

VP51  P 

5  ?  /  H  5  1  • 

9.50 

1 1 9  2'  1  .  7 

2.1  '  *7 

.1110 

-.0173 

6 . 5  *  6*. 

.  33  32 

- .  332  J 

'.51 

121  ‘43.  1 

2.1'  (  1 

.110' 

-.0123 

»»0  3i> 

.  3  5  5U 

532' 

I23u54 .  1 

2.20  JO 

.110- 

-.0125 

5  .  a  1  0  6 

.  3  321 

-.3326 

'.  ,3 

17*42  .5 

2.2011 

.1105 

- .0127 

6.61 75 

.  3  526 

- . 332 i 

*“  •  54 

1  5  0  "*64 .  • 

2.2022 

.  1105 

-.0127 

6.6245 

.  3324 

-  .  3321 

*.55 

133166.  1 

2.2035 

.  1104 

-.0127 

a.  6315 

.  3322 

-.3319 

*  .  5u 

1  3 9133.  4 

°.2044 

.1103 

-.0121 

6.fa3 “5 

.  3  521 

-  .331  7 

‘  .57 

1  3  '16  .4 

2.20  55 

.  1101 

-.0191 

6 .6455 

.  331‘* 

- . 3316 

.5h 

142277.., 

2.2066 

.1100 

-.0171 

6 .6524 

.331  1 

-.3314 

*.5" 

145447. 6 

2.7077 

.1091 

-.0121 

6.6594 

.3315 

-.3312 

9.60 

143695.2 

2.20H8 

.  1  0  if* 

-.0120 

6.6664 

.331  3 

-.3310 

>.61 

15201b. 7 

2. 20 °7 

.  1  0  *7 

-.0120 

6.67  33 

.3311 

-.3308 

/  .6  2 

155414 . 5 

2.21 10 

.1095 

-.0120 

6 . 68  0  3 

.3310 

— . 3306 

9.63 

153*1'*'  .  " 

2.2121 

.  1  r>4 

-.0120 

6 . 68  7  3 

.  330  J 

-.  330r' 

9.  64 

162444.  6 

2.21  32 

.  1  0°3 

-.0119 

6.6942 

.3306 

-. 3303 

9.65 

166060. 4 

2.2143 

.1099 

-.0119 

6.7012 

.3304 

-.3301 

1.66 

16  "* 300  .  1 

2.2153 

.  1  091 

-.011  * 

6.7082 

.3302 

-. 32  9  ’ 

■».',7 

17  5604.  7 

2.2164 

.1089 

-.0119 

6. 7151 

.3301 

-.3297 

9.  68 

177456. 5 

2.21 75 

.10  83 

-.0118 

6.7221 

.3299 

-.3296 

).  69 

181477. 4 

2.2186 

.1087 

-.0118 

6.7290 

.3297 

-.3294 

5.70 

18554°. 7 

2.2197 

.1086 

-. 0118 

6.7360 

.3295 

-.3292 

9.71 

18  *715.  4 

2.2 208 

.  1  0  '15 

-.0118 

6.7429 

.3294 

-.3290 

1.72 

17397fa.  •** 

2.221  -1 

.  1  084 

-.0117 

6.  7499 

.3292 

-.3289 

->.7  3 

1°  1335.  * 

2. 222‘* 

.1082 

-.0117 

6.7568 

.3290 

-.3287 

5.74 

202795. 3 

2.2240 

.1061 

-.0117 

6.76 37 

.3288 

-.3285 

5.75 

207357.  2 

2.2251 

.1080 

-.0117 

6.7707 

.3286 

-.3283 

1.76 

212023.  ’ 

2.22b2 

.107  1 

-.0116 

6.7776 

.3285 

-.3281 

5,77 

21fa79‘.  a  1 

2.2273 

.107“ 

-.0116 

6. 7346 

.328  3 

-.  32?  0 

5.73 

22166? .2 

7.2283 

.1077 

-.0116 

6.7915 

.3281 

-.327? 

5.79 

22fa67B.  7 

2.2294 

.1075 

-.0116 

6.7984 

.3279 

-.3276 

9,80 

231790.3 

2.2305 

.1  074 

-.0115 

6.8054 

.3278 

-.3274 

1  1 

23701-  .  7 

2.2316 

.  1  073 

-.0115 

6.R123 

.3276 

-.3273 

*.82 

24236  .  7 

2.2326 

.  1072 

-.0115 

6.  81 °2 

.3274 

-.3271 

'.■13 

24  7843. 2 

2.2337 

.  1  071 

-.0115 

6.8261 

.3272 

-.326° 

9.54 

253442. 0 

2.2348 

.  1  070 

-.0114 

6.8331 

.3271 

-.3267 

9.  85 

257172. 0 

2,2359 

.  1068 

-.0114 

6. 8400 

.3269 

-.3266 

'.  ‘16 

265033. 3 

2.236° 

.  1  067 

-.0114 

6.8469 

.3267 

-.3264 

9.37 

271030 . 1 

2.23  *0 

.  1  066 

-.0114 

6.8538 

.3265 

-.3262 

)  .86 

2  77 16 j .  7 

2.23  '1 

.  1065 

-.0113 

6.8607 

.3264 

-.3261 

9.89 

283443  *  1 

2.2401 

.1064 

-.0113 

6.8676 

.3262 

-.325° 

9.90 

289865. 6 

2.  2412 

.  1  063 

-.0113 

6.3746 

.3260 

-.3257 

*.al 

27043  7.  (1 

2.2422 

.  1  0-5 7 

-.0113 

6 .88 15 

.3258 

-.3255 

*.  ‘2 

303160.  ; 

7.2433 

.  1  Ofal 

-.0119 

6.8884 

.  3257 

-. 3254 

9.93 

31003  . 7 

7.2444 

.105’ 

-.0112 

6.7*53 

.3255 

- . 3262 

9.94 

31707*' .  5 

2.2454 

.105 

-.0112 

6 . 90  22 

.3253 

-.3250 

9.75 

3 24  2b 0  .  r> 

2.2465 

.1057 

-.0112 

6.9091 

.3251 

-.3248 

1.  *6 

33164  '  . 6 

°.  2  4  *5 

.  1 156 

-.0111 

6.9160 

.3250 

-.  324  7 

9.9  7 

3  3'1 1  “■■ .  * 

2.24  *6 

.  1  (J5-, 

-.0111 

6.'*229 

.3248 

-.3246 

’3 

24u  '04  . 

2.24  *7, 

.1054 

-.0111 

6 . 92r'  '* 

.324  6 

-.3243 

9.93 

35479- . 4 

2.2507 

.  1  053 

-.0111 

6.9367 

.3245 

-.3242 

10.00 

362877. 3 

2.251*5 

.  1  052 

-.0110 

6.  ”4  3b 

.3243 

-.3240 

X 
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yfc 
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v* 
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-  vVr 

B.  1 


APPENDIX  B 

EMPIRICAL  DATA  FROM  FIELD  MEASUREMENTS 

Statistical  long  term  distributions  from  full  scale  measurements 
on  T/T  Esso  Bonn  /14/. 


Main  data  of.  ship 


B .  3 


Deviation  in  the  square  sum  of  RMS-values  (2.1.2) 

evaluated  in  terms  of  |l  -iTo'  +  u-'/u; 

f  B  S  > 

Distributions  of  RMS-values  o,o  and  o 

D  U 

Distributions  of  logarithmic  RMS-values  lna,  lnan 

B 

and  lna  . 

s 


Distributions  of  springing  share  xs(2,2,3), 
bending  share  xfi  (  2 , 2 , 1 )  and  the  squared  functions 


Springing  and 
zero-crossing 


bending  periods, T  and  Ta ,  average 

S  b 

period  T  (2.1.3)  ,  T  (2.2.5) 
z  p 


Bending,  zero-crossing  and  peak  period  made 

dimensionless  with  respect  to  the  springing 

period  t(2.2.2),  t  (2.2.4)  and  t  (2,2,5) 

z  p 


PeaK-to-zero-crossing  period  ratio  u(2.2.6), 
spectral  width  t (2.2.7)  and  the  squared  functions 


B .  4 

B .  5 

B .  8 

B.ll 

B .  14 

B.  18 

B .  2 1 


Fraction  of  positive  maxima a  (2.2.8),  period  of 

'f* 

positive  maxima  T  (2.4.4)  and  T  B.24 

P  p 

Peak  period  division  ratio  (T  -T„ ) / (T  -T„ )  and 

D  b  D  J 

zero  crossing  period  division  ratio  (T  -T  )/(T  -T„) 

Z  S  B  S 

touched  in  chapter  6 . 


B .  2  7 


formalized  extreme  values  fo  „  5  ( smax/° )  2  ~  lntfj ,  (5.3.4), 
tor  springing,  bending  and  total  stress 


Spectral 
for  m=3 


B.  2 


B .  2  9 


correction  factor  for  fatigue  X*  ,  (8.2.7) 

and  m=4.  B.32 


Part iculars : 


Length  overall 

Length  on  summer  LWL 

Length  between  perpendiculars 

Breadth  moulded 

Depth  moulded 


Tropical  freshwater 

Freshwater 

Tropical 


Weights : 

Light  weight 

Light  weight  V.C.G.  Above  Base 
Light  weight  LCG  FWD  of  AP 
Load  displacement  summer 
"  "  tropical 

Tonnage  International: 


36.063  T 
14.30  M 


292.758  T 
299.493  T 


126.192,23 

99.621,46 


Sort  ion  modulus 

Top  midship  section  modulus  76.23 

Bottom  midship  section  modulus  77.27 

Midship  second  moment  of  steel  m 

area  9ft 2 . 38 


Main  data  for  A.G.  WES MR  yard  No.  1388 
T.T.  "ESSO  BONN” 


DtYMTION  IN  RMS  -  SOR  !  IRMSB*  •  2  •  RMSS*  ♦  21  /RMS  I 

ALL  LOADING  CONOI  '  I  ON'j 


STATISTICAL  PaAANET  fNS 


NUMBER  OF  lA^FLC  VALUES . 

AH  fTMHET  I C  NEAR  VA4.UC,  N1  .  •  • 

stmoud  orviAnow,  s  . 

ncFFiacii  or  variation,  m/s 

rofFF iur ■  i  or  sklmn:sj.  kvg-o 

OLFflttlH  of  E*CCS$,  K4/S**4  . 


ffCMO  CCN1RAC  WOHEWT.  C2  -  •  * 

min  cewtaal  honcwt,  cs  .  .  .  * 

FOURTH  CEIVAL  WO  NT  NT  •  C4  *  •  % 
fgnmiu  fiiAUANT.  M  =  <C4-J*C2**2> 


SECOND  WON  (NT  ABOUT  2rA0,  W2 

TICMB  NOWCIT  AWOUT  ZERO.  NS  . 
I  rnmnt  mmtm  arout  zero,  % 


v  aiue 


72  5 

t.iT2«oo 
1. 201*01 

?.FM*03 

1,706*01 

M4)*«2 
(.»1«8S 
A.  1  74*03 
2. 330  *03 

2.10  1*0  7 
1.097*04 
£.045*03 


-1.254*00 

*.441*01 


DLV  1  AT  ION  IN  RMS- 
BALLAIT  COHDI J l OHS 


i -SORT  (RMSB« • 2*RMSS«  * 2)  /RMS T 


0CV1ATI0N  IN  RMS-  I -SORT  (RMSB**2»RMSS,,2) /RMSI 
Fl>a  LOAD  CONDITIONS 


STATISTICAL  PANAH'T  rR'*. 


STATISTICAL  FARANETERS 


NONN-4  OF  tANPL'  VAL'»C . 

ANTITHETIC  N*_  A  N  ¥  ALU  ,41  .  .  . 

SIAROART  CIVIATlON,  5  .  •  .  •  • 

CCEFTICIE  NT  or  NAN  I  AT  I  CM  ,  *  F5  . 
COEFFICIENT  OF  SKEtfNES  3 •  H3FS**3 
C^CFTICILAT  Of  ZVCZ5~t  *4/5*  *4  , 

SCCVJO  C' NIRAL  FF'Wi'l  T ,  C’  .  .  . 

THIRO  CTNTUt  WOWCWT ,  C3  .  .  .  . 
FOURTH  CENTRAL  WORE  NT ,  C%  •  •  , 
FOURTH  CUN  U.  ART,  K4»fC  4-  1*C2  *  *2» 

iiCO’IO  NrtNtNT  ABOUT  JlNj,  9?  .  , 

f  HI  NT  NW AT  AKJUT  Z'4C,  *41  ,  .  . 
FOUNT*  NON  (If!  AtOUT  Zr*K>»  W4  .  . 


4UIWUH  VAlur 
NAVI4U"  VAlUf 


304 
7.533*00 
1.0R8*01 
A. 422-01 
4.107*40 
2.24 J*01 

1.1  *02 
5*394*03 
3.5*5*03 
3.144*05 

1.740*92 

7.435*03 

3.544*03 


-1*254*09 
•  «  ,  4,441  *0 1 


WORSEN  OF  SNNNLE  VALUES  . 

AN  ITHWCT  I C  N14N  VALUE,  41  .  .  . 

STANDARD  CCVlATIPNi  S  *  .  •  •  • 
COEFflCIiRT  OF  VANIATICW,  NITS  . 

coefficient  or  wetness,  kvs*o 

COEFFICIENT  OF  CRCtNS,  R4/V-4  • 

TCC.JTO  CENTRAL  NOHC.NT,  C2  .  .  . 
IHTR7  CL WT NAL  N0NL5T,  C 3  .  .  .  * 

nURTH  CENTRAL  WOWCWT,  C4  .  .  . 
FOURTH  CUNUL ART «  W4»«C 4-3*C2 **2» 

SCCORO  WOWCWT  AROUT  ZERO,  m  .  . 
THi*o  POM  CAT  ABOUT  ZLPIC,  H3  *  *  • 
r*IURTH  MOUNT  £30 UT  ZUQ,  WT  •  . 


WIRINUW  VALUE  •  • 
MAIIHUR  VALUE  •  • 


336 

•.413*00 

1.319*01 

£.765-01 

3.414*00 

1.311*01 

1,736*02 

7.004*03 

4.055*05 

3.451*03 

2.925*02 

1.309*04 

••431*05 


-7.204-01 

2.444*01 


1 


s nio  i. nif*s 


B 


R  I  l.i  1  A  l 
r  i  NO  :  ''NO 


\>U<[  i,  '- 


i  * : 


STATISTICAL  PARAMETERS 


nuhkr  ot  imki  values  ...........  im 

ARITHMETIC  PUH  VALltE ,  A 1  .  )>)2A«01 

t  UNIUI  If  VI  AT  1  0  A  |  S  .  2.2?O*0i 

coemicicrt  or  variation,  mi/s .  1.451*00 

caimciuT  or  iimm,  2.110*00 

coirnciEAT  or  excess,  **/»•.* .  s .773*00 


SUOMI  CIMtIAL  A0AU1.  C2  . . 

TN1M  CENTRAL  MOMENT,  C3  . . 

r  flMTM  CENTRAL  MOMENT,  C4  ........ 

rflUNTM  CUMTLANT,  K  4- (C  4  -  J*C  2**  2  )  ,  . 


1.244*02 
2 .5)5*04 
2.414*04 
1.501*04 


SUOMI  MOMfMI  ABOUT  ZERO,  M*  ,  . 
TN1RR  MOMENT  ABOUT  IfRO,  »l  .  ,  , 
rOUOTM  moment  about  zero,  m<  .  . 


H  MINOR  VALUE 
RttlNOM  VALUE 


1.420*05 

1*143*05 

1.044*0? 


4.242*00 

t.m*o2 


RMS  FOR  BE  ID i NO  STRESS 
ALL  LOADING  :0ND1 1  IONS 


RMS  FOR  SPRINGING  STRESS 

ALL  LOADING  CONDI f IONS 


0  0*  - 

•)  ■  ">  3  - 


» 30  200 


STATISTICAL  MARAMlTfRI  ,  1TaTI»TICAL  MAtAMfT|RS 


NNWU  or  sample  values . 

1119 

N  mOER  0/  SAMPLE  VALUES . 

111? 

ARITHMETIC  MEAN  VALUE.  Ml  .  .  . 

2.729*01 

AEJTNMETJC  MIAN  value,  mi  .  .  . 

9.555*00 

STAMRARR  R(V1 AT IOM ,  S  . 

2.303*01 

t  NMAM  OEVIATION,  S  . 

9.355*00 

cocrriciENT  or  variation,  ni/s  . 

1.155*00 

cosrpuziRT  or  variation,  ni/i  . 

1.010*00 

c or rr kkrt  or  skewness,  kj/s**3 

2.058*00 

Ctt»rKI(«T  or  SKENNESS,  «3/S**3 

1 .842*00 

coorncitNT  or  ficiss.  ka/s**4 

5.403*00 

COSrnClONT  or  IlCtSS.  R4/S**4 

4.052*00 

S  ICONS  CENTRAL  MOMENT,  C2  .  .  • 

5.303*02 

SICNU  CENTRAL  MOMENT,  c 2  .  .  . 

8.7*9*01 

T  NIRO  CENTIAL  MOMENT,  Cl  .  .  .  « 

TK188  CENTRAL  MOMENT,  C3  .  .  .  . 

r  OUR  TM  CENTRAL  MOMENT,  C4  .  .  . 

rauiu  CENTRAL  MOMENT,  C4  .  .  . 

5.398*04 

1.404*00 

rOURTN  CUMULANT,  *4- CC *-3*C ?••?> 

3.102*0* 

S ECONO  MOMENT  AOOUT  ICAO,  M2  .  . 

1.505*03 

tUO«|  MOMENT  AOOUT  ZERO,  M2  .  . 

1 .703*02 

THIRO  MOMENT  AROUT  ZERO,  "3  .  .  . 

9 .304*04 

TMSlt  MOMENT  AOOUT  ZERO,  MJ  .  .  . 

4.069*03 

*  OUR  TM  MOMENT  ABOUT  ZERO,  M4  ,  . 

8.000*06 

fOUITM  ROMEO!  ABOUT  ZERO,  Mi  . 

1 .670*05 

# 

,  4 

1.414*00 

amimm  value  .  . . 

MAHNUM  VALUE  . . 

•  • 

• 

1.J5..07 

MAXIMUM  VALUE . 

4.858*01 

B.  6 


RMS  FOR  TOTAl  sJKF SS 
BM  L  AST  CONDI  T  1  ON  j 


0  1* 


' )-  ?oc 

*r  in..,’ 


STATISTICAL  PA*A*lT£«S 


N IKII  W  UWU  VALUIS  ,  . . 

A tinmCYU  NfAN  VALUE «  N1  . 

i  TAMA  All  AIVLAT  ION.  S  . 

C  QClf lCUMT  Of  VAI1AT10N,  AT/S  ....... 

COCfUCUNT  or  SEtNNESS,  . 

c«rruiiiT  m  ciciss.  . . 


USt*01 

i.m*M 


SUM*  con  AAA  MRUT,  ()  . . 

'UU  UITUi  HOUNT,  C3 . 

fflUUliUTIIL  MAUI,  C 4  . . 

TW»  . . 


1.111*12 

2.S4M4 

t.2S1«M 

1 .49**#* 


S 

r 

f 


W  annvt  *•••,  *7 

WWT  «tMT  I«N,  *3  . 
flUtTM  HUM  AJOMT  1110 .  H4 


M2M) 
1.<I1*M 
1 .033*0  7 


««4H 

VALH| 


1.141*01 


RMS  FOR  FUNDING  STRFSS 
Ballast  condi t ions 


0  S.' 

c  z- 

0  ".*/ 


r  Lr 


RMS  FOR  SF'RINGING  STRFSS 

B ALLAS*  f CND l ' 1 ONS 


c  Z* 

o 


STATISTICAL 


STATISTICAL  varanet iAS 


■  MU  Of  SAftTLE  VALUES 


S  TAAIMI  VITIATION ,  j 

c AsrncioiT  or  vaaiati 


TNJAO  CENTAAL  NONINT  ,  Cl 
I  (f«TI4l  NON#* T 


337 

n  .  .  .  . 

2.7*5401 

2.244*01 

1.  Nl/S  •  . 

1.232*00 

,  R3/S**3  . 

2.144*00 

E4/S**4  .  . 

6.400*00 

2  .  .  •  . 

3.034*02 

1 . 

2.444*04 

■*  .  .  .  . 

2.404*04 

■3*C2**2>  . 

1.443*04 

I.  N2  .  .  . 

1.247*03 

.  "3  .  .  .  . 

S. 713*04 

>.  N4  .  ,  . 

■  Mil  M  S ANNIE  VALUES .  9S7 

AAITUNCTK  Nf AN  VALUE.  N 1  . . .  1,111*41 

STANAAAA  »( VI AT  ION,  s  .  1.009*01 

COtffUIENT  Of  VAtXATIOR.  Nl/S . .  .  1.111*00 

COCffmtMT  Of  SEEVNESS,  E3/S**3 .  1.937*00 

CMffSCltNT  Of  IICESS.  Ii/S**4 .  1.091*00 

S«t ON*  CENTRAL  NONINT ,  C2  . .  .  1.144*0} 

70100  CENTRAL  NONINT.  C3  .  1.0*0*03 

'OUST*  CENTRAL  NONE  NT,  C4  .........  7.340*04 

fOUOT*  CUNUtANT,  «*- <C*-3*C 2**2»  .  1.441*04 

SICONo  NNNCNT  A  A  OUT  UNO.  N* .  (.990*02 

TNJOO  NNNCNT  AN  NUT  (ft*.  NJ .  ?lof{*0) 

fOUOTN  NONINT  AMWT  (ISO.  N4 .  (.7*3*0* 


■  N1INA  VALUE 
NAAlMfl  VALUE 


1  .414*00 
1.411*02 


N  IN* NUN  VALUE . 

NAXINuN  VALUE  . . . . 


;S*10  *  .  i 


SMS  F OR  total  STRtSS 

full  L0»0  CONDI T IONS 


I’.TUUcM.  MMItll) 


IllOU  01  tARFU  VALUlt  . . .  .  . 

ARITHMETIC  RIU  VALUE,  "1  ........ 

RIVSATI0M,  S  . . . 

COEFFICIENT  OF  VAAlAUO*.,  Ml/S  ,  .  ,  .  , 
COEFFICIENT  OF  SKitmm,  K)/l*.S  .  .  .  . 
COEFFICIENT  OF  ElCtSS.  K4/|**4 . 


*73 
3. 3*7*01 
2.437*01 
1.4*3*00 
2.021*00 
*.*••*00 


SEC  OMR  CENTRAL  MOMENT,  C2  .  .  . 
T*l»*  CENTRAL  MOMENT ,  Cl  .  ,  . 

FQURtM  CENTRAL  MOMENT,  C4  .  .  . 
FOURTH  CUHULAHT  ,  K*>  tC4-3*C2**2> 


3.441*02 

2.427*04 

1.714*0* 

i.»s:«o* 


(icon*  MOMENT  ABOUT  ZERO ,  H? 

T  HI RR  MOMENT  ABOUT  ZERO ,  NJ  . 
FOURTH  MOM  (Ml  ABOUT  ZERO,  H4 


1 0*3*03 
1.370*03 
1 .247*07 


MINIMUM  VA^Ui 
MAXIMUM  VALUE 


7.777*00 

1.377*02 


RMS  FOR  BENDING  STRESS 

FUul  LOAD  CONDI  UONS 


RMS  FOR  SPRINGING  STRESS 

FULL  IOAO  CONDITIONS 


STaTMTIcM.  MARaMET 


STATISTICAL  HRBAMKTlRf 


N  UFtMC*  0#  SAMPLE  VALUES  . . . 

ARITHMETIC  MEAN  VALUE,  Ml 

S  URIAH  REV  I  AT  ION,  S  . . 

t  Of  Ff  LCIINT  OF  VARIATION,  HlF$ . 

COEFFICIENT  OF  IREMNCSS,  R3/S«*3  ...... 

COEFFICIENT  OF  CICESS,  C4/S**4  ....... 


473  NUMEA  0 1  AMPLE  VALUES . 

1.04AT01  ARITHMETIC  MEAN  VALUE,  Ml  ,  .  . 

2.443*01  STANNNNR  NEW  AT  ION,  1  . 

1.242*00  CNFFICIOT  OF  VAIIATIB* ,  Nl/>  „ 

1.437*00  COEFFBCIENT  OF  SAIUUEtS,  C37t**3 

4.2*0*00  COEFFICIENT  OF  EXCESS,  R4/|**4  • 


473 
•  »031*M 
7.3*4*00 
1.114*00 
1.023*00 
3.  *47*00 


ICC  OMR  CENTRAL  MOMENT,  c2  .  .  . 
TMIRR  CENTRAc  moment,  c  3  .  .  .  « 

FOURTH  CENTRAL  MOM|NTt  { 4  .  .  . 
FOURTH  CUNULANT,  K  4- <C  *  -  3*C  2**  2  ) 


4 .214*02 
3.033*04 
2.103*0* 
! . 444*0* 


SfCONR  CENTRAL  HOHEmT,  C2  •  .  • 
TRIM*  CCNTBA4  MOMCNT ,  C3  .  .  .  . 
F BUtTN  CENTRA*.  MOMENT,  C4  .  .  . 
F«Om  CUNULANT  ,  k4*<C4-3*C2*»| ) 


3.132*01 
• .702*02 
T.  73  **04 
4.*3**§3 


SECOMB 

MOMENT 

ABOUT 

ZERO  , 

M? 

1 .374*03 

SUM*  MOMENT 

ABOUT  UBO ,  M2 

Tnii# 

MOMENT 

ABOUT 

ZERO, 

"3  .  • 

... 

.... 

1.174*03 

T Ma*4  MOMENT  ABOUT  ZERO.  M3  , 

F OURTH 

HOMIMT 

ABOUT 

ZERO  . 

M*  . 

.  .  . 

.... 

1 .044*07 

FRNBTR  MBM1BI 

ABOUT  ZERO,  M4 

1.1*0*02 

2.423*03 

4.204*04 


M  INI MUM  VALUC 
MAXIMUM  VALUE 


1.414*00  RlNlMIR  value 

1.334*02  maIUWM  value 


1 .414*00 
4. 242*01 


i 

■  I 


B  .  8 


l  N  (RMS)  FOR  T0T  Al  STRESS 
ALL  LOADING  CONDI ' IONS 


.  *  or 


«r  cm*-: 


STATISTICAL  MtN(T(II 


MUMSCS  or  S  AMPL  (  VALUES .  1030 

AAJTUftfTlC  MAM  VALUE*  Ml  .  3.203*00 

STAMMS  SEVIAT10M,  S  .  T. 402-01 

coeppkumt  or  variation,  mi/s .  4.213*00 

COrMClUT  or  SkEMMKSS,  «3/S**3  ......  -3.300-01 

catrvfcocrr  or  excess*  «4/i«* . .  .  9.491-01 

1K0SI  COMTSAL  MOMENT,  c2  .  3.779-01 

TMjMO  CfMTSAL  MOMENT*  C3  .  .....  -2.343-01 

r  OUSTS  CCNTSM.  MOMCMT*  CA  .  1.323*00 

rattan  nawtsaT.  X4«(C4-s*C2**2> .  3.234-01 

moss  aaaeaT  aoout  xcso,  m2 .  i.oos*oi 

TMJSS  MOMCMT  ASOUT  Z£»0,  M3 . .  3. *14*01 

rOUSTM  MOM(MT  AOOUT  1(10,  M4  .  1.390*0? 


mtmwrn  . . . .  a. ssi-01 

N  AXUMHS  VAUtf  ................  3.033*00 


l#{RMS)  FOR  OENOIMp  STRESS 

ALL  L04CHNC  CONOlTIORf 


LM  0^  A*  'f M**2 


LN (RMS)  FOR  SPRINGIft*  STRESS 
AU  LOADING  CONDI  T  ] OKS 


i  V  0‘ 


nr  CM*.? 


ST«TIST1CA4  PARAMCTCM  STATISTICAL  MA«AMCT(SS 


•  tltMl  OP  *  AMPLE  values  .  .  .  .  . 

1050 

MORMt  op  sAane  values . 

ASltMMtTIC  Mf AM  VALUE,  Ml  .  .  . 

5.073*00 

*  utmost  tc  mean  value,  m  .  .  . 

1  .913*00 

STANOAtl  SIVUTIOM,  |  . 

S.2S3-01 

» UMMI  MIUT1M,  t  . 

canKian  «  >n unit,  >ki  . 

3.710*00 

I*MKIU1  «  ttlltliti,  .1/1  . 

t.botooe 

cNf.Kian  »  iti—ut,  u/t».| 

-4.054-01 

C NPfKMirT  op  fcrwiEfs.  k3/s«.j 

-2.904-02 

(MMUIIS1  OP  IICISS.  I4/IM4  • 

0.343-01 

-7,339-01 

S  ICONS  (VITIM  MpMIMT,  C  2  .  .  . 

4.041-01 

INMI  CENTS  AL  MOMCMT,  Cl  ... 

0.334-01 

TM|M  CCMTtAL  MOM!  MT ,  ()  »  .  .  . 

-3.440-01 

»*»*|  IU1IIL  MKKT ,  Cl  .  .  .  . 

-2.291-02 

POima  (ISTI4L  MOatMT.  C4  .  .  . 

1.013*00 

'Wl  Ipriu  nnit,  <«  ... 

1.491*04 

MiWl  taaUST,  K4*(C4*Ht««l) 

4.032-01 

HOOIASI,  K4-(C4-3*C2«*2> 

-3.944-01 

l«»  Nfl«  ***ui  II*. .  «J  .  . 

1.013*01 

*RNO  Rom  cm  t  about  zebq,  m?  .  . 

4  010*00 

TWO  MM**  A#0Vr  XCfO,  M3  ,  .  . 

3.409*61 

T«0%  MOMENT  AOOUT  2ES0.  P3  .  -  . 

contra  MOMENT  AOOUT  ZltO,  H4  .  , 

•  • 

1.234*02 

3.914*01 

■*wa  VMM  . . 

1 .440-01 

minimum  value  .......... 

*3*444-01 

aaiaMM  uufc  •  .  * . 

* 

• 

• 

■  • 

5.633*00 

* 

«.u>«os 

B  .  9 


iNiKM'J  rCK  TGT  A  f,  '  RlfjS 
8  Al  L  A  ti  1  (  PND  i  1  ;  jN'j 


i>l  C*  HP  *f  H.  •  ? 


STATISTICAL  f A* ABf T f I S 


»*>««  W  lAWlf  VUUCS .  JIT 

*RJTMM|TJC  M£AR  VALUE,  n\  .  3.177*00 

|TANRAAR  i|V«ATI0M,  S  .  7.927-01 

coefficient  of  variation,  ki/s .  4.007*00 

C  0(791  OUT  or  IlfWISS,  K3/S**3 .  -7. 532-01 

(ocrrstiuT  or  excess,  iu/s**4  . .  1.123*00 

I  icon*  CENTRAL  moment,  C 2  .  4.2*3-01 

T  HI  if  UNTRAl  moment  ,  C  3 .  -3.7*3-01 

FOURTH  CENTRAL  ROBERT,  C  4  .........  1.*2*«OQ 

FttMV  CRMLAMT,  K4-CC4-3*C2**2) .  4.433-01 


IM*  varan  about  zero,  m2  .  . 
Term  ■ami  a»pvt  zero,  «  .  .  , 

1  watt  fttfT  about  H*0,  n4  .  . 


1.072*01 

3.7*4*01 

1.3*7*02 


4.9*1-01 

9.042*00 


INIPMS)  FOR  6b  ND  l  NG  STRESS 

BALLAST  CONDI T l DNS 


IN  C  f*1»*? 


i.N  (RMS)  F  OR  SPRINGING  STRESS 

BALLAST  C C«Ol  MOV 5 


n  r/  *r 


STATISTICAL  parameters 


STATISTICAL  FAFAF(TtRS 


■  UMBO  0*  IAMBI.C  VALUCS . 

ABlTBMfTIC  MEAN  VALUE,  B1  .  .  . 

STABBMB  RE  VI  AT  SOR  ,  S  . 

COfFfJCIillT  OF  VAR1AT10R,  NWS  . 

c otrr iciert  or  sairress,  x3/s**S 
cpftkiut  or  licit*.  r4/s*«4  • 


337 
3.000*00 
1.7*0-01 
3.424*00 
-7. 224-01 
*.3*7-01 


RUBER  Of  SAMBLC  VALUES . 

A  EX  UNMET  U  BEAR  VALUE,  Ml  .  .  . 

STABBANR  RIVTATIOM,  I  . 

(KTIUKRT  or  VARIATJOR,  Bl/S 
mnuiiRT  or  imvncss,  K3/s**s 
cocrriciiRT  or  excess.  «*/s**4 


337 
2.094*00 
0.701-01 
2.001*00 
“2 .*77-01 
-9.030-01 


SEC OMB  CSRTRAL  MOMENT,  C2  .  •  • 
THIS  CEBTRAL  MOMEBT,  C3  .  •  .  . 
FOOTR  C1NTRA4  BOBER T ,  '*  .  .  . 

»  OBRTR  CtfNBL  AMT  ,  K4* (C4-3*C2**2  ) 


7.474-01 

-4.IJH1 

2.143*00 

3,7*2-01 


.  MBBIBT,  (2 
4L  MOMEBT ,  C3 


FM  C«OT»*4  MBMIrT,  c 4  .  •  . 

rlM*  CIWLABT.  C4*(C4-3*c2**2) 


IK«B  MBMEB1  ABOUT  ICRO,  nj 
T«(*l  MUST  ABBOT  ItBO,  B3  . 
7  SOOTH  MOMEBT  ABOUT  IIRO,  B4 


0.7*4*00 

1.3*0*01 

1 t 117*02 


IKM  BOBIBT  about  21*0  •  M2  .  . 
Tttll.lNOftMT  ABOUT  2(*0 1  MB  .  .  . 
TBRTI  BOMBT  ABOUT  2«R*,  M*  .  . 


0.30B-01 

-2.312-01 

2.211*00 

-3.437-01 

3.174*00 
1 .431*01 
4.21**01 


0  PIMM  VALUE 
MAXIMUM  V|ll| 


1.400-01 

4.000*00 


*5?25  VALUE 


3.4*4-01 

4.221*00 


8** 


B.  10 


lN{RM<)  fC R  TOTAL  LTRISS 

* ull  cC^d  ;gndi *  inns 


/  3 

,  *  o*  «f  •(  "t.*: 


T'tTltTl(u  rilA8(T(«S 


IlMU  Of  UROVI  VALUC  . .  473 

AUTnpiTIC  Mt«  VHUI,  "1  .  3.233*00 

ITMIUI  imtTIM,  »  . .  .  7.195-03 

coefficient  or  MIMUOI,  PI/S  .......  4 .493*00 

cxfficiiai  or  moam,  i!/s*»3 .  -i. *92-01 

c  ok r r ic it*r  or  fiCfJl,  «4/s*** .  3,021-01 

SICOft*  CftBta 44  ROMIl ,  C 2  .  3,177-01 

T NJ •*  ((ITin  MOdlkT,  C  3  .  -4.302-02 

rOU>tM  CtATRAL  409*41,  C4  .  9.390-01 

rouRt*  cumulait,  R4*(c*-3*C2**2) .  1.341-01 

S  KC  049  4041*1  AOQWT  ZCIO,  *?  ........  1.097*01 

T9IR*  404(41  4* OUT  2(40,  P>3  ........  .  3. *73*01 

rOUKTH  404f*1  4 90UT  If  R  0 ,  94  . .  1.4ll*02 


«I»I«Ua  V4LUC .  4.931-01 

"Minim  V4LU( . . .  3.033*00 


N’-M\  *  C*  B  ‘  N  0  l  N 0  STRISS 

■  .  '^Np,  '  ;  3f»s 


;  •  ’i 

rJ"  "S 


lNIRMS)  for  springing  STRFSS 

FUlL  loao  conoi t ions 


3Ta7IST1CA|. 


KTATICTIcrL  ritt"(T(|{ 


■  im«r  or  S4H9VC  values . 

A  91 744(1 1 C  P*A4  VALUl ,  9 1  .  .  . 

S  TANtARR  RIVlAt 10M ,  S  . 

91|CIt0t  or  940(41  lOM.  91/1  . 

r»ICl(RT  or  SKKHfUSS.  K3/S**3 
991CIIOT  or  CICCSS,  ((/(*•«  . 


473  07  SAMPtf  . . 

3«1J9*0Q  4  •]  TNWf 7 1 C  4*44  VAlUt,  "1  .  .  . 

7. *02-01  3  TAMM*  REV1AT 10M ,  S  .  .  .  .  . 

4.153*00  coorrscitoT  or  vauamo*,  m/s 

-1.9*9-01  cocrricitni  or  kimnik,  k3m**s 

i. 09i-0i  coerriciuT  or  eicess,  *4/s*«4  . 


Stcono  CC4TRAL  909141,  C«  .  .  . 
»U1M  CfflTRAL  904*41,  C3  .  .  .  . 
7  AM  TO  CJ47AA4  409141,  C4  ,  .  . 
(■*>*  CMMAAirr  ,  R4*(C4-3*C2**2) 


3.7*0-01 

-1.303-01 

1.272*00 

2.703-01 


4  KCO«0  CMTRAi.  404*41,  C2  .  .  . 

7«»0  CfOT**t  904t«T,  CJ  .  .  .  . 

routjo  ctBiaot  404*41,  c*  .  .  . 

70U9T4  CU4ULA4T,  44* (( 4 -3*C2**2 > 


<eC«0»  999141  AOOUT  I(RO,  4> 

1410*  aantot  *ooot  icro,  pj  . 
*«M»  999141  aoout  Ziao,  44 


1*039*01 

3.MA*01 

1.337*02 


1KC090  4094 9 T  AOOUT  1(90,  42  .  , 

7  93*0  90nt9T  ABOUT  2(90,  "3  .  .  , 
r  Out  Tit  409(41  AOOUT  !*R0,  44  .  . 


9  Ol«Hi  vmi 

4  AXIKU4  «*L9t 


473 
1.’4**00 
a. 249-01 
2.117*00 
1.909-01 
1.3*2-01 


.799-01 

1.070-01 

•.*♦4-01 

3.173-01 

3.727*00 

1.911*00 

2.743*0? 


3.033*00 


4X414U4  VALUC 
444(404  VALUE 


3 • 44*— 0 1 
3. ’*8*00 


B.  1  1 


SPRINGING  SHARI  X 
At  I  ,  GAD1  NG  CONDI  ’  I  ON', 


£1. 


SPRINGING  S  H  A  R  £  SQUARED.  X««2 

ALL  !  OADINC  CONDI  I  IONS 


rl 

?o 

X 

‘Ilk 

1  i 
i  i 

o 

►  1  0 

r-‘ „  l 

Dim  h'jICni  t  ' 


ST  A  TT  S  T  1CAL  HMCTfllS 


«MKI  ir  SAHTLC  VALUES . .  1039 

MX TMNETtC  REAB  VALUE.  HI  . 

1IAIBMB  DEVIATION.  S  . . .  •  .  . 

CUCFFiatVT  Of  VARlATt  Mi  *0/S .  1.S124I 

CVmiCHnl  OF  MCWKIIi  «VI*.} .  *.»»-♦» 

0Krfid(«i  or  ciccu.  . .  -«.?m-oi 

second  cirtral  Robert.  c 2  . .  s-vri-o* 

THIRD  CXlTML  HONCnT  •  C5 .  HM-U 

FOURTH  CCRTRAL  ROBERT,  C4  .  I.TiV-OS 

FOURTH  CtfHVLAHT,  T4«IC4>W{**2I  ......  -l.VSfc-OS 

SEC  ODD  ROBERT  A  ROUT  ZLRO,  PR .  I.SIVOl 

THIRD  lOMCVT  ABOUT  ZERO*  R3  •  .  .  . .  UUHl 

fourth  noRtarr  about  zen>.  m  . .  t.tav-o* 


AtVfHM  VALUE  .  I.2A3-OP 

HJLX1RUR  .  T.TAA-Vl 


STATISTICAL  rVmUCTOM 


«MCI  OF  UITU  VALUES . .  1»3A 

UUmiRMC  NEAR  VALUE*  R1  . .  1.013-01 

ST  ABOARD  DEVIATION*  S  .  2.UM; 

CtfFFICIfRT  OF  VARIATION*  PR  FS .  I.AIl-Tl 

CBEFFlatBT  OF  RUMtlli  1 .04? *00 

OOEFTla-lRT  OF  CRCCOO*  MF»*4  .......  I.MVHP 

SECOND  CLrTRAl  %>PNRT,  C2  .  L«SM2 

THIRD  CERTRRL  HOHEHT.  C3 .  L«SL«I 

FOURTH  CENTRAL  PHMEHTi  C«  . .  l.tllH) 

FOURTH  CURIA-ART,  *■••••  HTML 

SEC  OHO  HONCHT  ABOUT  ZERO,  N2 .  Jm  744—42 

THIRD  HDRERT  ABOUT  ZERO*  R3 . .  O.V**-f2 

FOURTH  POHOnr  AOout  ZERO.  IN . .  Z.PM-12 

HXRIHUr  MUR . .  LATMI 

HAV1HUM  VALUE . .  %<W  *t 


t 


BlkOING  *r  :,:)r  ' 

au  w  o*c»i  s  ,  •  onp  :  * :  on  . 


BINDING  SHARt  SQUARED  XB* • 2=  U - X • • 2) 

AIL  L  OADINC  CONDI T  \ QN$ 


STATISTICAL  FARARCTCRS 


STATISTICAL  FA  RARE  TEAS 


RUBBER  9‘  SAMPLE  VALUE  . . 

AR1THNEJ  I C  BEAR  VALUE*  HI  .  •  . 
ST  ABOARD  OEVXATIBB*  S  .  •  •  .  . 
COCFFICX E RT  OF  VARIAT1CN*  fB/S  . 
COEFFICIE RT  OF  SKEWNESS,  R3/S**3 
COEFFICIENT  OF  CRCEOO.  K4/9»>4  . 


103* 

LflfrOI 

I.A02-01 

0.377*09 

”2.127*01 

A.07T*00 


RUNNER  0*  SUFU  VALUES . 

ARXTHIcnc  REAR  VALUE*  RI  . 

ITAVOUB  OEVIATIOB,  A  . 

<BtFriflt«T  or  VAR  I  ATT  OH .  PB/S  .  .  .  . 
OBCFFIQCRT  RF  BRCUNCBOi  «yF*>  »  T  , 
COEVF  Id  CRT  OF  CRCCOB*  «4A9»*4  -r  ,  r. 


•  •  •  IBS# 

•  .  •  MIMI 

•  •  •  I.UM1 

.  .  .  L9TINI 


SCCONO  CCRNLAL  ROPBITT*  C  J  .  .  . 
THIRD  CENTRAL  RRNEVT*  CS  .  .  •  . 
FOURTH  CCR«AL  RDfBRT,  C«  .  .  . 
FOURTH  COHN. ART (  MMC 4-3*0  •  *2» 


1.V43-02 
•S.PMHJ 
3.002*0  5 
t.OAVOS 


SECOND  CENTRAL  BBBERT »  C2  .  .  * 
TTOBO  CENTRAL  PNNCBT*  C3  .  .  •  . 
FOURTH  CERBTAL  MEiT,  C%  •  •  . 
FOURTH  CUPtVLART, 


LUFOl 

”L»<S>  09 


SECOND  HORCNV  ABOUT  ZCROiPtt  ........  0. 1 8S-f  I 

THI»  ROBERT  ABOUT  ZERO*  R3  ...» .  1.HM1 

FRURTM  BBR0TT  ABOUT  ZERO.  PH . .  T.IAV-OI 


RfNINUB  FAUN  ..........  ......  2.24V-91 

RANINHN  VALUE  .... 


SECOND  ROBERT  AOVUT  ZEND,  Nf 

nan  Robert  about  zebs*  n  , 
fourth  RtHorr  about  zero*  m 


RIB  I  RUB  VALUE 
RAVI  RUPP  VALUE 


B  .  1  2 


SPRINGING  SHARI ,  A 
BALLAST  CONDITIONS 


an  jiji 


SPRINGING  SHARI  SOUARfD  X • • J 
BAlLAS'  l.CNDI'IONS  | 


01  *1  MM  0*1 


STATISTICAL  PARAHCTfHS 


NURSE  A  OF  SAlUVX  VALUES . 

.  • 

33  T 

ARITHRET I C  IK  AN  VALUE.  HI  ... 

.  . 

A.  1  39—01 

STANDARD  OEVIATION,  S  ..... 

.  • 

2. 484-01 

CVMTFF ICI  £  NT  OF  VARJAT1MI.  «  /  S  . 

.  . 

1.443*04 

COEFFICIENT  Of  SKEWNESS.  KVS«»3 

.  . 

A.  1 84— 0  1 

COEFFICIENT  O T  EXCESS,  K4/S**4  . 

•  • 

-T.4TV-01 

SEC VNO  CENTRAL  NQIKRT.  C2  ... 

.  . 

4.177-0? 

THIRD  CENTRAL  NOHEHT.  C3  .... 

•  . 

L,  4  33— ©  3 

FOURTH  CENTRAL  NONENT,  CA  ... 

.  . 

P, All-43 

FOURTH  C RHULANT ,  K9H  C  A-  3*C?  •  *2  » 

•  • 

-3.044-0  3 

SECOND  HO  KENT  ABOUT  ZERO.  H2 

.  . 

2.330-01 

THIRD  NRtCMT  ABOUT  ZERO.  H3  •  .  . 

.  . 

1.334-01 

FOURTH  HOHOTT  ABOUT  ZERO.  HA  .  . 

•  • 

1. 1 14-0 1 

HlNlRUR  VALUE  . . 

1.262-02 

NAXtRUR  VALUE  •••••  . 

.  * 

4. T 44-01 

STATIST  I  CAL  PARAMETERS 


wan  tr  u«ru  values .  ar 

RRXTHNEMC  REAR  VALUE  •  PI  .  J.  33R-41 

STANDARD  DEVIATION,  S  ...........  |,MMI 

COEFFICIENT  tr  VARIATIWt  .  T.K2-II 

COEFFICIENT  Of  UEMCIS.  K3/S»*3 . 

cd  cm  a  edt  of  csccst*  m/s*  •  * .  s.tsmi 

SECOND  CC  RIVAL  NO  RE  NT,  C2  .  S.T«WT 

THIRD  CENTRAL  MOMENT ,  . . .  •  .  .  •  UMHt 

FOURTH  CENTRAL  RONE  NT.  C4  . .  U1M-TT 

r«RTN  CUNtUVTi  ......  I.  444-0  3 

SECOND  NDRCMT  ABOUT  ZERO.  R2  ........  L.llA-01 

THIRD  NON  CRT  ABOUT  ZtRC.  NS .  *.922-0? 

FOURTH  HO  "ENT  ABOUT  ZERO.  N»  ........  MTHH 


NININUR  V  AUK  . .  U 444-0% 

HARINUR  VALUE .  1.41901 


BINDING  SHARK.  XR -S0RH1  -  X*«2» 

BALLAST  CONDITIONS 


BINDING  SHARE  SQUARED.  XB • • 2 •  ( 1  -  X • • 2) 

RallaST  CONDI  HONS 


STATISTICAL  PARAMETERS 


STATISTICAL  PARAMETERS 


NUMBER  OF  SAMPLE  VALUES . 

AJUTMHCTIC  NEAR  VALUE «  Ml  .  A.412-01 

STANDARD  OEVIATION.  S  .  1.449-01 

COCFT  ICl ENT  OF  VARIAT19U  . .  3.«T*00 

COEFFICIENT  OF  SKEWNESS.  K3/S**3 .  -l.T21*0S 

COCFFICI  EOT  OF  CRCCSSi  . . .  2.440*04 


NUNBet  Of  f ANPLr  VALUES  .  ......  BBT 

ARITMNET1C  REAM  VALUE*  Rf  .........  1.AW-U 

STANDARD  0CV1  ATI  ON.  S  MTMI 

cocmacRT  of  variation  . .  muni 

eWTICUIT  or  SKEWNESS.  KS/S-O . 

ooEPTiacoT  or  exerts.  m/s*m . .  uu<si 


SECOND  CEO  RIAL  NONE  NT.  C2  •  •  . 
THIRD  CENTRAL  ROM  CRT.  Q  •  .  •  . 
FOURTH  CENTRAL  NONE  NT.  C4  •  •  • 
FOURTH  CWROLAHT  ,  KA-sfC  4-3*C«**2> 


2.716-fl? 
-7.712-03 
A.  1 44-0  3 
1.  N30-03 


SECOND  CENMRL  MORE  NT.  C2  •  •  . 
THIRD  CENTRAL  RONOTT*  C3  •  •  •  . 
FOURTH  CENTRAL  NO  IK  NT .  CA  •  •  . 
FOURTH  CU HULA NT,  WA*fC4-» •€*••** 


VMSOI 

-MAI-SI 

l.ISMI 


SECOND  HOHERT  ABOUT  2ENB*  K 
THIRD  OUST  ABOUT  ZERO*  R3  . 
FOURTH  NON  TNT  ABOUT  ZEND.  HI 


7.  470-0 1 
4.406-01 
4.434-01 


SECOND  NO  KENT  ABOUT  ZERO*  NR 
THIRD  RDBCBT  ABOUT  ZERO*  Nl  . 
FOURTH  HtRBBT  ROBOT  ZERO.  H% 


4.ABR-0L 

B.U74I 

B.BBT-BI 


HIM  RUN  FA  UK 
HARINUR  VALUE 


2.249-01 

4.999-01 


NIRIRUR  VALUE 
RAR IRISH  VALUE 


^pv*  )U, .  .  >.ls. 


B.  13 


springing  shafu  .  X 

FULL  LOAO  CONDITIONS 


in 


\fin 


L_U-- 


nil*  x'ji  cv.  t  v. 


SPRINGING  SHARL  SQUARLD  x**? 

full  LOAD  CONDI i IONS 


STATISTICAL  F*RAHCT  EN4 


STATISTICAL  FARARCT  (AS 


NUH«<  Of  SA**L£  VALUES .  AT  3 

4N1TMNCTIC  NC AH  VALUE.  HI  .  2.S6Q-01 

STANDARD  DEVIATION.  S  . .  .  ,  .  1. 950-0 1 

coema'NT  or  variation,  «/s .  i.att-oo 

coefficient  or  sbeuncss,  . . . 

COEFFICIENT  OF  EXCESS,  K4/S**4 .  -UWWi 

SECOND  CENTRAL  HONE  NT  ,  C  2  .  2.801-02 

THIRD  CEVTAAL  NONET* T .  O  . .  6.461-03 

FOURTH  CENTRAL  NOW  NT  .  CA  .  A. 0*6-01 

FOUNT*  CO*ULANT.  R4>4 C  4- 3*C? • -2 »  ......  *2.«SA-t* 

SC  CD  NO  NO  A  tin  ABOUT  ZL*Ot  M2  . .  1.20  '-0  1 

ttq nd  Hoocrr  about  zero,  hi  .  •  . .  a.jo’-o 2 

FOURTH  NONOfT  ABOUT  2CAO,  HA .  3.71*1-02 


HINIWUH  TAtVE  . .  4.011-0? 

NAAINUN  VALUE . . .  E.  573-01 


mmm.fi  of  imou  values  •  . .  *n 

AAITHHCT  I C  HE  AH  VALUE.  HI  . .  1.209-01 

STAI0AND  DEVIATION.  S  ...........  1.504-01 

coefficient  or  variation,  m/s  .......  miahi 

coefficient  or  skewness.  tvs**j . .  i.tst«oo 

coefficient  or  excess.  ka/s»«a  .......  2.377  m  • 

SECOND  CENTRAL  NONE  NT.  C?  . .  2.202-0? 

THIOO  CFhTAAL  NONE  NT,  C3  ..........  5.411-03 

FOURTH  CT  N  I  AM.  HONE  NT  .  CA  .  2.004-01 

FOURTH  CUHiA-ANT,  M:(C  0-J»C2**2)  ......  1.S1A-B1 

SEC  090  HON  ENT  ABOUT  ZENO,  N?  . .  3.U9-02 

THIRD  NONEKT  ABOUT  ZENO.  H3 . .  1.382-02 

FOUR TM  HOHfNT  ABOUT  ZERO,  HA .  T. *61-4 A 


NININUN  VALUE . «...  1.641-03 

HAM  HUH  VALUE  7.  SB  5-01 


BENDING  SHARE.  XB-SOR T U -X* »2) 

FULL  LOAD  CONDITIONS 


BINDING  SHARE  SOUARED.  XB* • 7-  ( 1  -  X* • 2 ) 

FUlL  LOAD  CONDITIONS 


STATISTICAL  FARAHETCRS 


STATISTICAL  PAR A HATERS 


NUNOLR  O*  SAWLE  VALUES . .  4T1 

MIMHCTIC  HE  AN  VALUE.  HI  .........  334-61 

STANDARD  DEVIATION,  S  .  3. 093-02 

coefficient  or  variaticn.  hi/s  . .  i.osomi 

COETT  ICItNT  Or  SKEWNESS,  R3/S**3  .  .....  -2.334^0 

CMfncirst  or  rirtss.  ka/s»*a .  4.200*00 

*H»W  C?AI*AL  HNHEHT,  C’  .  7.904-03 

THIRD  CENTRAL  HOHCNT.  C5  . .  -1.034-03 

FBtfITH  CERINAL  NOHCNT,  C*  .........  4.502-0* 

FNURTH  CNNULANT.  K4  =  «C  0-  3*C2»*2» .  2.626-0* 

SC  COHO  HOHINT  ABOUT  ZERO*  . .  4.  7°l-01 

THIRD  NONE*!  ABOUT  /IRC.  HI  •  3.114-01 

FOURTH  HOHINT  ABOUT  ZCRO.  . .  ?.«54-01 


HUH  BCR  0*  SAITU:  VALUES .  4T3 

•RITHHET1C  HEAN  VALUE.  HI  .  0. TO  1-01 

STANDARD  DEVIATION,  S  . .  1.504-01 

COEFFICIENT  Or  VARIATION,  HI  /S .  S.R45-00 

COEFFICIENT  OT  SKEHNCSS,  K3/S.-3 .  -1. 232-00 

COEFFICIENT  OF  EXCESS.  K4/S*  .  2.5T9«00 

SECOND  CENTRAL  NOHCNT,  C2  .  2.262-0? 

third  central  nohcnt,  cj  •  •*•••«•«.  -6.411-0 3 

FOURTH  CEA1BAL  HOHEHT,  C*  .........  2.455-0 1 

FOURTH  CU HULA N?,  NO  =<C  O-  J*C2*  *  ?>  ......  1.340-03 

SECOND  HOHEJfT  ABOUT  7ER0.H2  ........  1.954-01 

THIRD  H09 r AT  ABOUT  /TRO.  **3  .  .  .  . .  T,  310-01 

FOURTH  43H  ENT  ABOUT  7f  RQ ,  H* .  6.041-01 


HTNIHUB  V ALUT 
HAM  HU*  VALUE 


5.1*4-01  HIM  1  HUH  VALUE 

9.9«;>-0l  HAXIHUH  VALUE 


2*647-0 1 
9.904-01 


1 


B.14 


h »  jP K  !  N C-  i  N l  P 1  R  ■  '  S 
\k\.  i  cm  i  no 


AV  Bf  NU1N(.  pi  R  l  0 0  . 
At.  ;  0  A  r  ■  i  V  (.  ‘  'VO  J  !  I  JNS 

I 


STATISTICAL  PARAMETERS 


HUMBER  0^  !»W*Lr  VALUTS . .  102* 

AM  I TM  NET  I  C  WAN  VALUE,  HI  .  •  •  * .  2.113*49 

STANDARD  SFVI  AT  It> W,  S  . .  2.  337-01 

cocfficitai  or  variation,  ni/s  •  •  .  •  •  •  .  a.9?3*oo 

COOFFlCICIll  or  SKDM£S!,  KVS*‘J  • .  1.012-0? 

COCFFICIfAT  OF  E*CESS»  K4/S**4  •  •••••«  -1.344*00 


ST  ATI  S I  1CAL  PAUHCTER1 


number  or  sample  values .  102* 

ARITHMETIC  MEAN  VALUE ,  Ml  .  . . .  . 

STANDARD  DEVIATION.  S  . .  •  •  MMWI 

cocfficurt  or  varxathm,  m/s . 

enema t at  or  sxcwcst,  kvs**s  .  4.210-01 

CBETfiot at  or  crerss,  m/s**4 .  2.021-01 


U(«NO  CENTRAL  MOMENT,  C2  ..•••••••  S.SS4-02 

I  HI  AO  Ci  HI  AM  MOMENT,  C3  . .  •  •  W04R-O4 

fourth  central  moment,  ca  . . .  4.470-03 

FOURTH  CU  AULA  AT  ,  K4  =  <C  >-3-C2* *2)  ......  -4.773-03 


SC  COMO  CLATMAl  NPICNT,  C  t  • 

THIRD  CE VIRAL  MOMENT,  O  ....  «  v  •  •  0.004*04 

EOIMTH  CCHTRAL  AO  AC  AT  ,  C*  .........  4.770401 

FOURTH  CU  AULA  AT  ,  MXC03«C2**2t  .  4. 100401 


SCCOHO  AO  A  CAT  ABOUT  ^W,  A? 
THIRD  M0NE47  ABOUT  /l«0,  AA  . 
FOURTH  A0A4AT  A0OUT  7FH,  HA 


4.32N*0? 

9.410*40 

2.141*41 


SECOND  AOAOTT  ABOUT  PlUi  W  •  ••••.*- 
THIRD  ABAC  AT  ABOUT  *R0v  N>  ...  r . 
FOURTH  AOABfT  ABOUT  TERR*  HA  ,  .  r  .  ...  . 


fl.01301 

141*02 


RHUJRJA  VALUE 
HATTROV  VALUE 


1.700400 

240140 


AINIAUR  VALUE 
AAVIAUA  VALUT 


>!£SI 


AV .PtAK  PtRlOO.  TP 
ALL  LOADING  CONDI ! IONS 


St  (  ONOi. 


AV-ZfRO  CROSSING  PERIOD.  TZ 

ALL  LOADING  rONOlMOHS 


SI  f  ?N 0 '■ 


STATISTICAL  PARAMETERS 


AUA0CR  Or  SAMPLE  VALUES  . 

.... 

.  . 

1030 

ARITHMETIC  ALAN  VALUE,  *1 

... 

3.013*00 

STANDARD  OLVIATION,  3 

.... 

1.236*00 

cocrricKAT  or  variation. 

Ml  /S  . 

2**43*00 

OOCFTICUNT  OF  SKCHMLS:, 

K3/S**3 

1.794*03 

ODEFFiaCRT  of  EKCCSS#  K4'S**4  . 

4.449*09 

SECOND  CLK1RAL  AO  AC  NT  ,  Q2 

... 

1.37  7*0  0 

THIRD  CENTRAL  MOMCNT »  C3 

.... 

3.334*0  3 

FOURTH  CL  VIRAL  *0*TT,  C* 

•  .  « 

1. 412*01 

FOURTH  CUAULAAT,  N4?(C4-3 

•C2 ••21 

1.164*01 

SECOAO  AOAfAT  ABOUT  7r0ty, 

A?  .  . 

1*116*01 

f  HIRO  BOM  C  IT  ABOUT  /TRC. 

HI  .  .  . 

*.r«2*o  i 

FOURTH  WACnT  ABOUT  *U , 

V*  .  , 

,'.432*42 

AIRIMUA 

VALUE  .  •  .  •  . 

... 

.  •  ■ 

.  .  . 

.  •  • 

1.765*03 

HAIIBUA 

VALUE . 

.  .  . 

.  .  . 

.  .  . 

t.  224*01 

STATISTICAL  PARANCTDIS 


NUMBER  OF  SAMPLE  VALUES  . 

“  T  -  - 

1024 

ARITHMETIC  NEAR  VALUE,  Ml 

... 

. 

, 

. 

3.41 1*04 

STANOARD  DEVIATION,  S 

.... 

• 

• 

» 

. 

• 

2.1*941 

COEFFICIENT  OF  VAR(ATI<S|« 

m/s  • 

, 

. 

. 

. 

. 

2.131*00 

COEFFICICAI  OF  SKFWMCS  S, 

A3/S-*3 

# 

. 

. 

. 

• 

. 

3.601-01 

cofffickm  or  ercess,  K4/s**4  , 

• 

• 

• 

• 

• 

• 

-3.174-01 

SECOHO  CENTRAL  MOMENT ,  C2 

T.334«0I 

THIRD  cr 9  TRAC  MOMENT ,  CJ 

.... 

• 

. 

. 

. 

• 

. 

1.100*01 

FOURTH  CENTRAL  MUYNT,  C4 

•  •  • 

. 

• 

• 

• 

• 

, 

1.417*02 

FOURTH  CU  MILAN!  ,  K«:(C4>3 

•  C2-*?» 

- 

• 

• 

• 

* 

• 

-2.434*41 

SfCOND  *0  MINT  ABLUT  7E«0, 

M2  .  . 

m 

# 

. 

. 

4.244*01 

THIRD  NONEAT  ABOUT  EERO, 

A3  .  .  . 

• 

• 

. 

• 

• 

. 

3.322*02 

F CUR TM  MOMENT  ABOUT  Z rBO, 

m  .  • 

• 

• 

■ 

• 

• 

• 

3.222*03 

MINIMUM  VALUE  . 

. 

101301 

M»*IMI»A  VALUE . 

.... 

• 

. 

• 

• 

• 

• 

1.424*01 

B.  15 


A  V  SCRINGIN'.  PLRIOU  rs 

«  A  t  L  A  1  (Cli£>:  !./N5» 


AV  BINDING  »  t  RICO,  tb 

bal  l  a l. i  ccnd  i  ' :  r.NS 


0  * 


)  ■>  \  i 


STATISTICAL  PARA  NT  T  ER  *5 


STATISTICAL  PARA«rTt*S 


NUMBER  OF  ‘APPLE  VALUE*  •  •••••.•••« 

ARITH«tT!C  Kf»1  VALUE*  HI  . .  .  .  . 

STANDARD  DEVIATION,  s  . . 

coefficient  or  variation,  «n/s  . . . 

COEFFICIENT  or  SKCUNCSS,  K3/S.-3  ...... 

coefficient  or  excess,  ka/s**4 . 

SECOND  CIRTRAL  ROBERT  ,  c?  ......... 

THIRD  CENTRAL  NOUGHT,  C3  .......... 

FOURTH  C'RTRAL  NPNENT,  C4  ......... 

FOURTH  CUMULAUrr*  K4  =  IC4-3*C2**2» . . 

SECOND  NOR ENT  AS OUT  ZERO*  N2  •••••••• 

THlRO  WHEAT  ABOUT  TTRC,  N3  ......  .  .  . 

fourth  morent  about  /E  40,  m  ........ 


NlNINUN  VALUE 
NAXIRUN  VALIIT 


951  MUNBCR  Qf  iANPLE  VALUES .  551 

t.«12Nl  AR ITHNETI C  WAN  VALUE,  N1  . .  A. 264*00 

l.«  30-01  ST  A  NO  ART)  DEVIATION,  S  .  2. 2  45-00 

1.  AST  HI  COEFFICIENT  OF  VARTATItN,  ^ /S .  3.6«0*0« 

8.  543—01  COEFFICIENT  OF  MOMICSt,  K3/A*-3 .  1.016*01 

1 .384*01  CntrriCIERl  or  EXCESS,  K4/S*** . .  .  7.747-01 

1.060-0?  SECOND  cr»  TO  AL  NONE  NT,  C2  .  3.260*00 

T.lEE-44  THIRD  CENTRAL  NON  ENT ,  C3  . .  1.221*01 

8.841-04  FOURTH  CENTRAL  NONENT,  C4  . „  .  1.044*0? 

1.470—04  FOURTH  CliNNLRNT,  N4-4C 4-0-43 •  *>»  ......  2.150 *41 

3.4CTH0  I  SECOND  RORCNT  ABOUT  ^CRO,  N2  .  7. 355*01 

T. 053*00  THINS  NO  RENT  ABOUT  ZERO,  A3  .  .  . .  7.66->*«? 

1.041*01  j  FOURTH  NOR  ENT  ABOUT  ZERO,  TO  .  7.325*01 


l.TOI«OI  NININUN  VALUE  .  4.600*00 

1.400*00  RAX  I  NUN  VALUE .  1.620*«t 


! 


AV  PEAK  PERIOD.  TP 

BALLAST  CONDI  T  IONS 


AVZFRO  CROSSING  PERIOD.  TZ 

Bill  AST*  t0i0*#10WS- 


s»  ( •-•in: 


0  4. 

•!  J 

Z 


o 


^  G  0 


St ( CHQS 


STATISTICAL  PARA  RET  »S 


NUMBER  V  SABPLE  VALUES  . 

.... 

551 

•RITHHI^IC  NEAR  VALU'.  «1 

.  .  . 

2.4*6*00 

STARDARO  OEVUTtON,  S  . 

.... 

4.044-01 

COCFF  ICI  •_  M  OF  VAN!  AT  ICR. 

NL  /S  . 

3. 1  02*0P 

CQCFFICHNI  OF  SKCUALSS, 

IU/S.-3 

2.524*00 

COEFFICIENT  OF  EXCESS,  M/S*  *4  . 

••020*10 

SECOND  Cr  RTO  At  NONET  ,  C? 

.  •  - 

6.471-01 

THIRD  CENTRAL  NON" NT,  C3 

.... 

1.311*01 

FOURTH  CIXTHAL  N»*Hr  NT  ,  C* 

4.614*00 

FOURTH  CUNULANT,  *4s<C8-3 

*C2*-2) 

3.35H*0D 

SCCONO  RORCNT  ABOUT  7Z AO, 

N7  .  . 

6.874*00 

THIRD  NONE  AT  ABOUT  *ERC, 

N3  .  .  . 

?  «1 6 1  *0  1 

fourth  NONfHT  WUT  7  no t 

N4  .  . 

4.052*01 

MlRtHU*  VALUE  .  .  •  •  .  . 

.... 

1.763*0? 

NAXIRUN  VALUE  . 

•  .  •  • 

7.234*00 

STATISTICAL  PARANET ERS 


NUNBCN  OF  ‘APPLE  VALUES .  551 

ARITHMETIC  MEAN  VALUE,  R1  . .  8.134*00 

STANDARD  DEVIATION.  S  .  2«440«00 

coefficient  or  variatiw,  m/s .  i.sot*oo 

cocrr  ICIER!  OF  OK CU HESS.  R3/&**3  ......  MNNI 

COEFFICIENT  OF  r«CrSS,  M/S*  *4  .......  4.402-01 

SECOND  CIRTRAL  NONCRT,  C2  .........  4.071*01 

THlRO  CENTRAL  PIOHENT ,  C3  .  1.040*01 

TOURTH  CENTRAL  NDNCNT,  C4  .  l,4T?*0f 

FOURTH  CUNULANT,  K4  =  «C  4- 3*C2* *21  ......  3.13**01 

SECOND  NORENT  ABOUT  ZrAO.  N2  3.230*01 

THIRD  NORC*T  ABOUT  TERO,  N3  .........  2*5X2*02 

FOURTH  RDNENT  ABOUT  ZCRO,TO  2.113*03 


NININUN  VALUE  ....  ..  .........  . - 1.043*08 

NAXIRUN  VALUE .  1.812*01 


B.  16 


*  v  STRINGING  PERIOD-  t S 
full  iwd  (  cndi  j  ;ons 


J  O  1 5 


v  ( ‘'•w: 

STATISTICAL  PARAMETERS 


NUMBER  or  SAMPLE  VALUE  5  •  . . .  •  .  t  4W 

ARITHMETIC  MEAN  VALUE*  VI  g*W*H 

STANOARD  OCV1ATIOH*  S  ...........  A.SUH2 

cocfficiebt  or  variation*  m/s  •  •.••••  3.544*01 

cooriacMT  or  »«nwris>  iu/s*o  .  unot 

coefficicrt  or  excess.  R4/s**4 .  mimi 

SECOND  Ct N  1*1  MOM4NT*  C2  . .  «  •  <3M-U 

TMIRO  CENTRAL  NO  NT  NT  *  C3  ..........  3.371-4% 

FOURTH  CENTRAL  NONE  ITT  ,  C%  . «... 

FOURTH  CUPULANT,  K4*«C4-3*C2**2»  ......  l.lIHt 

SECOND  NON  INI  ARQUT  2440*  l«  .......  . - MIMA 

THIRD  NONE  AT  A  ROUT  Z4R4*  NS  .  - l.MMl 

FOURTH  no  rent  about  ZENO*  m  ........  3.444*41 


NININUH  VALUE . . . .  .  .  .  I.MMI 

NAltNUR  VALUE . .  AMMI- 


*V  fifNDIVC  PERIOD.  ' B 
|  f jli  ioao  conoi i ; jns 


0  4  , 


V  !  C1DL. 


STATISTICAL  PARAMETERS 


NURSE*  OF  'AMPLE  VALUES . .  •  •  •  473 

ARITHMETIC  MEAN  VALUE*  Ml  .  <>.196«40 

STANDARD  0EV1 ATION*  S  .  I.7«l*4f 

COUTlClEttl  OR  VARIAT I  CM*  Q/5 .  5.135*40 

cocrriciENT  or  skcimcss,  xys**s . 

COEFFICIENT  OF  EXCESS*  K4/S'*4 .  3. 412-41 

SECOND  CENTRAL  MOMENT,  C?  .  3.244-4* 

TMIRO  CENTRAL  MOMENT,  O  .  .  . .  l.A04«44 

FOURTH  CENTRAL  NONE  NT*  C4  . .  3. 440*01 

FOURTH  CUPULA  NT,  K4  a(C  4-3-C?  •  . .  3.T1S-40 

SECOND  MOMENT  ABOUT  ZERO*  N2  . .  4.740*41 

THRO  NOMELT  ABOUT  24  A «.  MS* . .  F. 4*3*42 

F«  UM  MOMENT  ABOUT  ZERO*  N4  ........  A. M  3*41 


MINIMUM  VALUE  .  5.444*0* 

MAXIMUM  VALUE  .  l.4M*4l 


A  V -PEAK  PER  1 00 .  TP 
FVLL  U3AO  fCNDl  T  1  0N$ 

1.0  n 


o 


M  ICND', 


AV-ZFR0  CROSSING  PERIOD.  TZ 
FULL  LOAD  CONDI" IONS 


SI  (  CN0' 


STATISTICAL  PA  4  ARC  TENS 


NUMBER  or  SAMTLr  VACWfS  . .  47  3 

ARITHMETIC  MEAN  VALUE*  Ml  . .  3.7  31*40 

STANDARD  DEVIATION*  S  .  1.214*00 

COE?TICjr«T  OF  VARIATION*  Ml  /S .  3.444*40 

COCmClERT  OF  SKEWNESS,  . .  1.131*44 

coefficient  of  rxcrss*  K4/s»*4 . .  e.i*a-oi 

SCCONO  CENTRAL  MONT  NT,  C2  .........  1,4  74.40 

THIRD  Ct  V  T  AAL  MOMENT  *  C3  . .  2.033*00 

FOURTH  CENTRAL  HOHENT,  C4  .  7.402*00 

FOURTH  CUPULA  NT*  K4=l  C  4-  3*C2  •  •?>  ......  1.344*03 

SECOND  MO  « l  NT  ABOUT  .TAP,  M?  . .  1.440*01 

THIRD  NDMtlT  ABOUT  M  . . .  7.044*01 

FOURTH  BOPINT  ABOUT  ZERO,  M4  .  . .  ?.l'-3*0? 


MINIMUM  VAIUT  .  2.342*00 

MAH  I  NON  V  ALU*  «••••••••••«.••.  7.«Pr,*«0 


STATISTICAL  PARA  METERS 


MUM  BCR  OF  SAMPLE  VALUES  ...........  47* 

ARITHMETIC  NEAR  VALUE*  Ml  .  4.434*40 

STANOARD  OEVIATIOR*  S  . . .  2.511*40 

coErriafRT  ar  variation  m/s  .......  2.741*40 

COEFFICIENT  Or  SRHINESS*  K3M**3 .  *.4*4-41 

OO  EFT  TCI  E  NT  OF  EXCESS*  R4/S»*4  .......  -S.T1T-41 

SECONO  crRTRAI  MONCNT,  c?  .  4.547*44 

TMIRO  CT  NT  AAL  NO  NT  NT  *  . .  4,474*44 

F4URTH  CC  RTR4L  N-'MCrT*  C*  .........  V,4*R*4» 

FOURTH  rUPU-ANT*  *4  =<C  4- J  *C?  *  *2> .  -2.271*41 

SECOND  N3REMT  ABOUT  ZERO*  *2 .  S.4S7*41 

THIRD  BONE  AT  ABOUT  ZERO,  M3 .  4.407*42 

F0U«Th  M0  M*  NT  ABOUT  ZT  AO*  m  ........  4.344*40 


MININUN  VAIUT  . . .  2.41**44 

MAXIMUM  VALUE  . .  1.4*4*41 


MOB*BiLl'l  DENSUT 


DIMENSIONLESS  BINDING  PERIOD-  TR/IS  [AU 
ALL  LOADING  CONDITIONS 


0  C  HE  NS  I  GNL  f  SS 


STATISTICAL  RAAARET0IS 


NUR8CR  OF  SARPLF  VALUC S . 

ARITHRCTIC  nrjjH  V  ALU_  ,  «U  . 

STANDARD  OFWIATtON,  S  .  .  .  . 

cocrriCTEin  or  variation  m/% . . 

cflOfiatit  or  sxehkss,  xys**] . 

ooemaEMi  or  excess*  «*/*••* . * 


1  0  so 

4.1T**00 
1. IS  3*00 
342241 
1.M44I 
UM140 


StCONO  CENTRAL  MOMENT.  C2  . .  ,  .  1. 130*00 

THIRD  CL N T AAL  RDHENT*  C3 .  2.001*00 

fourth  ccmvul  mmevt,  ca  .  i.sie*oi 

FOURTH  CURULAMT,  K0*<C0-3*C2*  *2> .  T.7"T*O0 


SCCOIJO  NOJfNT  JiBOUT  Jfrpo,  H2  >.<77*01 

TMIRO  RO»KAT_Aa»T_ZSRCl  *3 . .  *  •  *  V.1B* *01 

FOURTH  ROBERT  ABOUT  .TERO*  M4  ........  4.**3*02 


irnrwM  value  •  .  .  •  .  .  ,  2.000*00 

JIA*  UBiA  *  AWL  t .  j  -i  „1  JLO.  t  -f  ....  1  4  .  U0H41 


dimensionless  peak  perioo.  TP/ rs 

AU  LOAOING  CONDITIONS 


DIMENSIONLESS  ZERO  CROSSING  PERIOD.  T2/TS 

ALL  LGAD1NG  CONDITIONS 


STATISTICAL  PARAMETERS 


STATISTICAL  PAR  AULT 


HUH  OCR  0*  ’AHPLC  VALUES . 

ARIlIMfcllC  MEAN  VALUE*  Nl  .  •  • 
3  TAMO  AND  0IVIAT1ON.  S  . 

esernarm  or  i«un«i  */s  . 

COEFFICIENT  or  SKCNNCSS*  *3fS-*3 

cotrr ici c n  1  or  cuccss.  K4/s**4  . 

SCCMO  CEOWAL  MOMENT »  C2  .  .  . 
TMIRO  CENTRAL  MOMENT.  CS  .  .  .  . 
FOURTH  CEO  VIAL  MOMENT#  C4  ... 
FOURTH  CURULAMT|  A4=<C 4-3*C2 • 

SECOND  MO  PINT  ABOUT  2rNQ*  H2  .  . 

TH1»  MOMENT  ABOUT  ZERO*  MS  .  .  . 
FOURTH  HOROVT  AMUT  ZERO*  Ml  .  . 


RIO J "UR  VALUE  . 

RAJURUR  . . .  •  • 


1030 

NURBCR  OF  “—‘jrflfnim . 

10  so 

1 .430*00 

ARITHRCT1C  MEAN  VALUC »  HI  ... 

2  .<41*00 

9.2*9-01 

STANDARD  3».VIAM«4i  •>  . 

.  L*m+-S9 

2.791*00 

COFFriCIFNI  OF  VAR  T  AT  I  C*l»  "0  /  .  . 

2*179  «U 

2.  ny  *oo 

C^CFr  tCI  •  N  t  OF  SKl.WNrSS, 

1.269*00 

".990*00 

COEFFICIENT  OF  CXCCSS*  K4 /%• • 4  . 

2.992*00 

2.  T70-01 

SECOND  CINTRAL  ROME  NT*  C2  .  .  . 

1.050*01 

MM-41 

third  central  htrcnt,  C3  .  .  .  . 

■ 

S.0TS-01 

r  OURTII  C'  MRAL  rn-NCMT,  C*  .  .  . 

* 

.  2*036*01 

T. 3*1-01 

f  "UPTM  ril»ULA*>T#  K4 -tC4-3.«->. 

1.010*01 

2.3T"*03 

SreONO  RORENT  ABOUT  ZERO*  M2  •  . 

VMM 

4.3*6*09 

THIRD  HDRf  AT  ABOUT  ZCRC,  H3  ,  .  . 

♦  JM41 

1.08T«Ol 

F  *?UR  TH  RJWiNT  APvUT  •;  ‘J(  «  ,  . 

i.00  3*00 

HIM  "UR  VALUE  ....  . . 

UMMB 

*•146*00 

HAIIHUR  VALUC . .  . 

•  • 

IJMIII 

B.  19 


:  Ncj  CN:  \  ' 

*■'  r  ■  '  NO  I 


t*‘  NO  I  Ni.  R  1  OD  t  B /  I  5-  I  AO 


ki 


'L 


statistical  para  4-.  t 


nuhbe*  Of  'A^LC  VALUES  .  .  . 
AR1TMBCTIC  HEAR  VALUE,  *»I 
,  T  AN  T  A  AO  WlATlUN,  .  .  . 

C**rfMCl'H1  r  V*  A  I  AT  1  C*l  »  it/*; 
c«f f *■  t(p  ti i  jr  'iKfui/,:,  *v> 

coefficient  or  cvcess,  «./<;••* 


SEC 090  C'NlltAL  BOBCNt  ,  C2 
1HJ*)  f  VTAAL  TO**.'  NT,  C5  .  » 
r"U«TM  c.  MRAl  •r*  BE  *IT  ,  C4 
»nO«tM  94  *<C  A-  T*r2« 

SCCO'n  BTBr*fT  ABOUT  ?C«t  4? 
THIAO  BOBEAf  ABOUT  »IRC,  B 3  . 
FOURTH  AVtflft  4Du*lT  *  . BO ,  B* 


4.S994I 

i.n]»flo 

].nz*ao 

MM4I 

14IT4I 

3.»M*00 

uwti 

*•931  41 

141441 


MMbuh  v  a  tut 

A* A  X NUB  VAiur 


.■rm  »•***? 


OinLNSlONLtSS  PEAK  PERIOO.  Tp/TS 

RALLASI  CONDITIONS 


OlMf  NSIONLf  V, 


OIMENSIONLf SS  ?LR0  CROSSING  PERIOD.  IZ/TL 

BALLAST  CONDITIONS 


statistical  PARABETEBS 


STATISTICAL  PA  RARE  T  HIS 


4WBM '»  Of  !ABPLr  VALU  t . 

ABjTlfBtftC  Br  A*1  V  ALU  ,  *1  ,  .  . 
-IT  Ann  ABO  CrVI  ATI*  *4#  .  •  »  .  . 

cotmcx  .NT  or  va»jattcn,  bi /«:  . 

CCcFF  1CI  :  A  I  or  S9rymfi%  H3/9**J 

cotmcun  rr  rvccss,  ba . 


59  T 
1*331  *05 
4.99^-01 
2.493*09 
3.12441 
2*347*01 


NUMBER  OF  SAMPLE  VALUE! . 

ARITHBCUC  BF. AM  VALUE*  *11  .  .  . 

stAmoaad  DEVIATION,  :  .  .  .  .  . 

tnrnieVtNI  0»  VARlATlCN,  Ml  f  \  . 

cacrriaui  or  skewness.  o/s**3 
cotmatiT  or  excess*  kaf s**4  . 


»r 
2.70T«04 
1 .944  *00 
1 • 793*00 
1.410*00 
3. 90 9*0* 


V  C«*n  r  '  A  TMAL  *4P4.  »|T,  C-*  .  . 

TMIRJ  r  *|TAA1  Ml*  r\  .  .  .  . 

f  ^URTH  TIN  TRAt  B''RT  NT  ,  C*  .  .  . 
I  TUB TH  CUB U  AM T ,  MA  =  «C4-T*C?-*2I 


2,  ABO-01  SECOND  C'NTR*|_  BOB*. NT  •  C2  •  .  . 

4.N02-01  ThIAO  CENtAAL  NOB«-NT,  C3  .  .  .  . 

1. 469*09  F^bBfM'cf  ATBAL  NHBfNT,  C4  .  .  . 

1«AT0«0I  PfUBTN  CU  AULAVT ,  M*  <C  4- 3»C2  •  •*» 


2.309*00 

%HI4» 

3.NI41 

1.44441 


,tC'l  H'  *0*tMT  Vi  MIT  'I,  1’ 

TMIBO  KOBE  AT  AB  HIT  Zt«C»  NJ 
FOURTH  BONCNT  ABOUT  Z  AO  •  *14 


MlNINuR  y  A  lU' 
BABJBUB  VALUE 


2.021*00 

344041 
1. §0  3*01 


1.003*00 

4.14444 


ogconb  Monarr  about  kbo»  m 

THIRD  NONFAT  ABOUT  7CR0,  B3 
FOURTH  BOH  CUT  AdflOT  TfBO,  BA 

V*| 


9. TAT  *01 
4.90**01 
2.9*1*02 


M134I 

1.012*01 


B  .  20 


DIMENSIONLESS  BENDING  PERIOD. 
FULL  LOAD  CONDITIONS 


TB/rS-MU 


Dl ritW^IOHLF ss 


STATISTICAL  PARAMETERS 


Oc  EANPf  VILU>.<  .  .  .  . 
AAfTHNCf 1 C  M£AN  V ALUL  i  »«l  .  . 

ST  AMO AM)  0CV1ATION*  S  .  .  .  . 
CWFICTWT  Of-  VAR I  ATI  OR.  */ S 

oormaERi  or  skewness*  kvs** 

coefficient  or  excess,  k*  ✓<;••* 


SFCONO  (TIMBAL  MOMENT,  C2  .  ,  . 

THIRD  CENTRAL  NONEMT,  C3  .  .  »  . 
FOURTH  CLRTTUL  MOMENT,  C4  .  .  . 
WRTH  CUNILANT,  K4  =  «C4-3*C2«  *23 


SECOND  MOMENT  ABOUT  #0  ,  M? 

TmINo  nomeat  about  zinc*  nt  . 

FOURTH  NOR  NT  ABOUT  ZC  AO.  N» 


ATI 

3.11  »*C? 
T.  100-01 
M614I 
4.094-01 
*.0N*-«1 

E.2A0-OI 

?.fll4-*OI 

1.346*00 

1.101-01 

1.5««*0I 
C.  TTO*Ol 
?. *>77*02 


Hjjtmg  ¥A 
AAIIMRE  vot 


2. 009*0  * 
€. *500*0'' 


DIMENSIONLESS  peak  PERIOD.  Tp/TS 

FULL  LOAD  C0N01 T IONS 


D!*n  NSlONll ss  zero  crossing  period. 

f  UlL  LOAD  cqnoi 1  IONS 


iM 


STATISTICAL  PAN  A  NET  CMS 


ST  MIST  tCAL  PlR»H-T'<r 


NUMBER  0T  3AH*L e  TAUT  1 . 

AR1TNNCTI C  "CAN  VA LUC.  N1  .  .  . 

STANDARD  DEVIATION.  S  . 

CVFiam  or  VARIATION,  HI/S 

cntrrICiLRT  OF  SKCWNCSf,  fC3/*“-*3 

C*TfrrrcIfHT  of  :»crss,  **/s-»* 


SC  COMO  CENTRAL  NO  RENT,  C?  .  .  . 
TNIV  CENTRAL  NON  ENT,  C3  .  #  .  . 
FOURTH  CthlRAL  AO  RENT «  CA  .  .  . 

FOURTH  CU'CLTHT,  K4  MC  A- 3 -C?  •  •?* 

SECOND  NONfNT  ABOUT  .*  NO  *  M? 

TNJRO  RONE  AT  AROWT  SAC*  NS  .  .  . 
FONKP 1  NO*  ENT  A  ROOT  7C00.  M4  .  . 


*isrm  Mitt 

WIW5*  vAul 


473 

1.390*01 

3.241-01 
3.0  33*09 
1.1  47*00 
<• 4AA-0 1 

2.747-01 

1.431-01 

2.710-41 

3.14  3-0? 

2,401*01 

3.403*00 

1.103*01 


1.023*01 

3.011*00 


NUNBCR  Of  5ANPLC  VALUE S  .  .  . 
ARITHMETIC  NT  AN  VALUC,  HV 
STAM3ARD  C  »¥1  AT  i  ..N,  Z  ... 
C"CrTICl  :  NT  -’F  VARIATION,  Ml  /  » 

c-*:*r  icir  o  i  »*■  sk*;mn:  ;c*  ry1:* 

C^rFridfAT  OF  excess*  K4/S**A 


itcono  CENTRAL  NONE  NT «  C?  .  .  . 
THIRD  CENTRAL  HON-.Mt  ,  Cj  .  .  .  . 
»  1URTM  f  ATRAL  mrnTi  r*  .  .  . 
F'HJMTM  CU  HULA NT ,  R4 - t C A-  <  *C» ■ • 2 » 

src'rio  mount  about  zero,  n?  .  . 

THIRD  MOHtAT  ABOUT  ZERO*  Ml  .  .  » 
FOURTH  N3HCNT  AH«'UT  ’»  RO ,  NA  .  . 


MINIMUM  VALUE 
MAXIMUM  VALUE 


4fS 
2.937*00 
1.010*09 
2.711*00 
3.  341-01 
-4.341-01 

1. 109*00 
4.3N3-01 
3.313*99 
-0.440-9* 

9.920*00 

3.400*01 

1.473*02 


is 


R»  00  RA  T  l  Li.  AL  PHA  -  TP  T  ? 
At i  i GaQ 1  NO  ' ONDl T IONS 


01*1  N'jJt:skf 


UW1 


PERIOD  RATIO  SQuARM  a i  t  *  *.  a  •  • . 
Aui.  LOAD  INI.  rUNDIM'uNS 


D 


1  *11  MS  I  GOi  1  Vj 


ST  ATI  SI  I  CAL  PARAMETERS 


statistical  pararet^s 


MMC*  N  !MPLC  VALUES  •  i»W 

MnwCTIC  MEAN  VALUE.  *1  . 

ST  AMO  AM)  DEVIATION,  S  •  •••.•*.».« 

coefticunt  or  variatkm.  m/s  ...-*..  3*?sa««# 

COEFF ICIE  AT  OF  SKCURCSS,  KVS**3  •  .  -  •  .  •  9.793-01 

COETTinf  AT  or  EXCESS,  K4/S*»4  ..*....  -3.232-42 


number  or  Mint  values . . 

ARITHMETIC  REAM  VALUE.  Ml  . 

A  TAMO  A  AO  MTIAHM.  S  . 

COCFTICZlAT  OF  VARIATIOV.  M/S . 

coefficient  or  skemness.  o's**s  •  .  .  •  • 
coefficient  or  EXCESS.  ««/»*•«  . 


1IM 
3.  At  0-01 

1.4««*4« 

1.144*40 

1.442*40 


SC  COMO  CENTRAL  MOMEMT  .  C2  •  •••*•«• 

THIRD  CENTRAL  MOMENT .  . . . 

FOURTH  CCRMAL  MOMENT,  C«  . 

FROTH  CURIE. AMT*  «4*CC4-3*C?*.2»  •  .  •  .  • 


2.MMf 
U9U~ «S 

1.4*0-03 

-1.433-49 


4SCOWP  ^EA»AL  MOMENT.  C2  . 

THIRD  CSMTRAL  MOMENT ♦  Cl . 

FOURTH  CEROtAL  MOMENT »  C4  . 

POUKTM  CSR«JIOr(  M»ICLJ*a**T)  •  .  •  •  • 


3.34T-02 

MIMI 

4.014-43 

1*197-43 


SC  CO  MO  MOMENT  ABOUT  ZERO,  m 
THIRR  ROME  AT  ABBOT  ZERO,  M3  • 
FOURTH  MOMENT  ABOUT  ZERO,  Ml 


*.404-01  or  COMB  MOMENT  ABOUT  IT  NO.  * 

tv  100-01  TMtNB  MORE  AT  ABOUT  ZERO.  MS  . 

m  94 1-4 1  FOURTH  MOMOMT  ABOUT  *CUO,  #M 


1.901-41 

•.194-4? 

S.143-4? 


MTNtMUM  VALUE 
MAXIMUM  VALUE 


2.200-01  O0MU  VA|OE 

4.004*01  MR VI MOM  VALUE 


4.004-4  2 
4.412-41 


SPECTRAL  WIDTH.  EPS  I ION-SORT  (1  -  (TP/ T Z) • • 2) 

ALL  LOADING  CONOI  UONS 


spectral  wioth  squared.  EPSILON..: 

ALL  LOADING  CONDITIONS 


STATISTICAL  MARA  ME  TINS  STATISTICAL  PARAMETERS 


ROKI  ST  SAfPLC  VALUES  ..... 

list 

■MHK*  •*  unt  MU* « . 

1SS4 

ARITHMETIC  ME  AM  VALUE,  Ml  •  •  • 

8.4  00-01 

ARIIHMETU  MEAN  VALUE,  N1  ... 

0.942*0 1 

STAOOAMP  OfVIATlOM,  S  •  •  .  •  • 

1*830-41 

STAMP  AID  ~»CVIAT10N,  S  . 

1.043-01 

cocmciE  oi  or  variatiw,  m/%,  . 

0.408*04 

cttrr tain  or  mdmtioIf  m/s  • 

3.370*00 

COEFFICIENT  or  SREUMCSS,  K3/S—3 

-14I3MI 

cmfiaiai  w  sunmtss. 

-1.144*08 

CD  EFFICIENT  OF  CXCCOS,  «/>•*  . 

3*409  *44 

MffKK«  «  wt«.  ««••*  . 

1.403*04 

SCCOOO  CENTRAL  MOMENT,  C2  ... 

1.TV2-02 

SCW  CC«.»t  MOMCHt  •  Cl  .  .  . 

3.  341—42 

THIRD  CCN1AAL  MOMENT,  C3  .  •  .  . 

-LMW3 

m.  aiTUi.  mmon,  cj  .  -  .  - 

-T. 241-03 

FOURTH  CCNVNAL  MOMENT,  C4  ... 

f*  140-08 

PMn  etiwi  mi «t»t.  c*  ... 

4.428*0  3 

FOURTH  CUMULANT,  *4»<C  4-3*C2 *-21 

U183-43 

mm  nnuiti  «=<c*-s*cj**z> 

1. 194-43 

SECOND  MORfRT  ABOUT  ZERO,  M2  .  . 

S* 992-41 

ihiw  muni  mw  zt— •  m  .  • 

4.4RV01 

THIRD  MDRCAT  4 ROUT  ZERO,  MS  .  •  • 

LSfMl 

tnim  mm  *nui  zrnc.  «  .  .  . 

3*44  3-01 

FOURTH  MOM  (Of  ABOUT  ZERO,  Ml  .  . 

, 

4*009-01 

FMn  m.aff  w— it  ztw.  m  .  . 

2.427-41 

MINIMUM  VALUE 
MAXIMUM  VALUT 


3. 044-SI 
4*744-41 


3.47 1-0? 
**914-41 


Al  ►  M 


B.  22 


fi  A  .  .  A  „  ' 


r[K.''\)  KA'iG  SQUARED.  alpha •  •  2 

R» .  t  a*  1  r.CNO  I  1  !  ON s 


'.TATIS!  1CAI  PA«A*r  r -nr. 


STATISTICAL  parameters 


NUMBER  of  SAWl'  VALU'S  .  .  . 
ARITHMETIC  "CAN  VALUE  t  Ml 
j  TAMOARD  Of Vi  AT  ION.  S  .  .  . 

cacrrtciivT  or  va r t at i  oj  «  hi/ 

COCFF  tCI  :  A  T  or  SKI  UNCSS,  K3'S 

ct'frrtmn  or  excess.  *♦/*;•• 
second  c.  niral  moment,  c ? 

I  Hi  BO  CL  M  T  AAL  NON  CUT,  Ci  .  . 
f  OURTH  Ci  NTILAL  MOMENT,  C4 
FOURTH  CURIA-ANT  ,  KAxICA-3-C?* 


SfC OHO  MOMENT  ABOUT 
TM!  BO  R05r  *T  ABOUT  ? 
FOURTH  M3  MINT  ABOUT 


CM.  » 


MIRIHUR  VALUE 
MAXIMUM  VALUC 


55* 
5. 6*3-01 
1.762 -01 
3.2I4-00 
4. 6  °5-0 1 
- 5.  50*-0 1 


3.104-0’’ 
?.sa;-o  3 
2. 351-0 3 
-«.3C*-0* 

3.516-01 
2. 365-01 
1.705-01 


2.206-01 

5.R04-01 


WHICI  O'  !«rit  VALUES .  55 7 

AA I  THAO  1  C  WAR  VALUC,  HI  .........  3.416-41 

ITAMM  BCVIATIOA,  S  . .  M47<«1 

COCFTiaCBT  OF  VARIATION  « /S .  1U2]«<« 

COCFF r Cl CVT  OF  »QPC31i  N3/S*«3 .  5. 1 50-01 

COCFF  ICI CAT  OF  CTCZS3.  X0/S**0 . .  1.507-01 

AC  COHO  CCANIAL  BOW  ATT  ,  C?  . .  ,  .  0.000-02 

THWO  CEMTAM.  NDM0A? ,  C3  ..........  1.001-02 

FOURTH  CERWAL  MOMENT ,  CO  ..•••••••  1.055-01 

FOURTH  CURIA. AWT,  K0>  tC  0-3-C2  -  »2>  ......  0.313-0 1 

SECOND  MOMENT  ABOUT  ZERO,  M2  .  . .  1.T05-01 

THIRD  mom  CAT  about  HAOl  H3  .........  U  0*0-41 

FOURTH  HOBCBT  ABOUT  ZERO,  NO  ........  7.100-00 


WtNlNUN  VALUE . . .  LRU-U 

MAXIMUM  VALUC  .  %HMl 


SPLCTRAL  WIDTH.  EPSUON-SGRT  (I  -  (TP/TZ)  **2) 
BALLAST  conditions 


DIMENSION!.!  5S 


SPECTRAL  WIDTH  SQUARED.  EPSILON*^ 

BALLAST  CONDITIONS 


D I  MENS  1 ORL  f  S j 


STATISTICAL  PARA  RET  CVS 


STATE  ST  1C  At  PARAMETERS 


HMWOCR  or  (AMPLE  VALUES . 

AR1THMCT  IC  NEAR  VALUC*  Ml  .  .  • 

STANDARD  DEVIATION*  S  . 

COCPFia: AT  OF  VARIATT 91*  Ml/S  • 
COEFFICI  CRT  OF  SNEWNCSS*  K3/S—3 
G0CFFIC1CRT  OF  E  ACE  SO,  KO/V-O 


V»» 
7.050-0 1 
1.000-01 
5.907-01 
-1.502*00 
2.000*00 


NUNDCS  of  SAMPLE  VALUES . 

ARITHMETIC  REAR  VALUE*  R1  .  .  . 

ST  AMO  AIN)  DEVIATION*  S  . 

ONCPFICSCRT  OF  VARIATION  Ml  ft 

cwrnaui  of  tuwitt,  ki/i..) 

«MWWIU»  OF  CSCCOS*  K4/t>*4  . 


0.000-01 

2.107-01 

2.952*00 

-9.050-01 

1.907-01 


SCCOMO  CC N INAL  MOMENT,  C2  ■  •  . 
THIRD  CENTRAL  MOMENT*  C3  .  •  .  • 
FOURTH  CC  VIRAL  MOMENT*  CO  .  .  . 
FOURTH  CUPULAMT,  NO »<C  6*  3*C?  •  -2 » 


2.  505-02 
-0.0  OS-03 
3.390-0  3 
1.393-43 


KCMU  CEN DIAL  MOMENT,  C2  •  *  • 
TWR4  CENTRAL  MOMENT,  C3  •  .  .  . 
F4URTM  CEN  DIAL  MOMENT,  CO  ... 
FIRTH  OIMHMAT,  KLMC  0- 3*C2  *  *  2 1 


0.097-02 
- 1.003-02 
7.056-0  3 
0. 300-00 


9FC4MD  NO  RENT  ABOUT  ZERO,  M 
TM1ND  MONCAT  ABOUT  ZERO,  M3 
FOURTH  MOMENT  ABOUT  ZENO*  NO 


4.000-01 

3*059-41 

0.073-01 


yCONO  MOMENT  ABOUT  ZEND,  M2 
tWM  NDNCBT  ABOUT  ZERO,  M3  • 
F44BUI  MOMENT  ADD UT  ZEND,  MO 


0.073-01 
3.5  35-01 
2. 701-01 


MINIMUM  VALUE 
MAXIMUM  VALUE 


U  909-01 
9.754-01 


3.07  »-|  J 
*•514-01 


B ,  2  3 


rjHiOU  avPma-[P /r2 

cr.NC;  *  .on:. 


I  ‘  -  ;  i,  HA  '  .■..API  f 

*  .1  .  ■  s1 


*  ‘  k>  »  •  • 


0  ’ 


c  :  1»  H  ■.  I  OS.  '  ■-  , 


STATT  S  ?  ICAL  PARAMETERS 


ST  ATI  &  T  1C  AL  PARANOIAS 


MMtR  or  JA*»LE  VALUC  S  •  •  ,  •  . 
A*  HHAfT  I  C  NT  AM  VALUE.  Ml  •  •  • 
S TAM OAK)  DEVIATION.  S  .  *  .  .  . 

ciOTiadi  or  variauui,  m/s  . 
coomcitm  or  sccimess.  ia/s**s 
c*err rctcm  or  nrcrss.  ka/x#«a  . 

SC  CO  MO  CCNlNAL  MOMENT*  C2  •  .  . 

third  annul  moment,  cj  *  •  .  . 
rownt  central  moncwt.  ca  ... 

FOURTH  COMULART,  KA*  <C  A- 3-C2  •  •  2) 

a  Como  moment  aoout  zero,  a?  .  . 
THIRD  NOME  AT  AOOUT  ZERO,  . 

fourth  mo  nun  about  zero.  m  .  . 


ATI 

L.61S-01 
1.115-01 
StAMt 
1.  790-01 
1.701-31 


MURK*  AT  SAMPLE  VALUES  .  .  .  .  . 
ARITHMETIC  HEAR  VALUC.  Ml  .  .  . 
STANDARD  OIVtATIMM.  S  •  .  •  .  . 
CACAC  ttSENT  Of  VARIATION.  H/S  . 
GOCfTlCUkl  QT  SX  CURES  5. 

oocmatRi  or  excess.  xa/s»*m  . 


1.2AV-A? 

1.079-0) 

4.047-0A 

2.E2M) 


SECOND  CT  RIVAL  MOfCRT.  C2  .  .  . 
»+i*ND  CENTRAL  MOMENT .  U  .  .  .  . 
rOUM*  CENTRAL  M9«C«T.  «A  .  .  . 
FOURTH  CURULAMT,  XA=<C A-3-C2 • *2» 


LMWI 
1.940-01 
1«  200-01 


SECOND  NOR  CRT  ABOUT  TCBi  fC 
TVftRO  MOWCmr  ABOUT  ZERO*  M3  . 
rowNT#f  mmtir  about  zcrov  m 


AT  3 
3.281-01 

1.  384-01 

2.  A10  *00 
1  .200*0  0 
1.082*03 

1.8A3-0? 

3.914-93 

l.yj-AJ 

3.0T7-0A 

1.200-01 

9.6A0-O? 

2.876-9? 


n  mi  MUM  VACUA 
MAXIMUM  VACUA 


J. 2*4-01 
4.01A-01 


VALUE  . 

VACUA  « 


1.967-01 
i.  124-0 1 


spectral  width,  epsilon-sort  n  iir  ri)*.^ 

Fun  LOAD  COHOU  IONS 


SPECTRAL  WIDTH  SOUARED.  EPS  1 L  ON- • 2 
FULL  LOAO  CONDITIONS 


DlMLNjlONUSS 


STATISTICAL  »AR4ME70»S 


STATISTICAL  PARAMETERS 


URKR  OF  UNPLI  VALUES . 

ABXTWVUC  REAR  VALUC.  Ml  .  .  . 
STANDARD  OtVl ATIBR*  S  .  .  ,  .  . 

wwwtm  «r  variation.  po/s  . 
bkmMcicmi  of  oxcuncs'*  kvs-j 

CBOTtaCtl  OF  EXCESS,  KA/S*«A  • 

SCCUMO  CC  XTRAl  NONCMT,  C2  .  .  . 
TNtRO  CENTRAL  MOMENT »  C3  .  .  .  . 
FOUNT**  CCNTMAL  MOMENT.  C*  .  •  . 
FOURTH  CUMULAMT.  MA»  K  C  A-  S-C?  •  *2  » 


AT  3 
8.1AT-01 
A.  180-0  2 
*•972*00 
-I.SA7*00 
2.  371*00 

8.2A5-0  3 
-1.  ISA-0  3 
3.682-0  A 
1.612-0* 


NUMBER  OP  SAMPLE  VALUES  . 

AMlTWMCTj  C  NEAR  VALUC »  N1  .  .  . 
STAMOAA  OCVIATIOM.  S  . 

coEmacMi  of  variation.  »*/s  . 
GBtrriacRi  or  sxcuncss.  kj/s«o 
oocoriacii  or  excess.  *•/*..*  . 

second  central  noncmt.  c2  .  .  . 
THIRO  CFrtRAL  MOMENT.  C3  .  .  .  . 
FOMTN  CENNIAL  MOMENT.  CA  ... 
F«JRTH  CUMULANT,  RA=<  C  A-3*C2  *•?» 


SECOND  MOMENT  ABOUT  ZERO,  M2  ........  6.719-01 

nOBD  RBMEVT  ABOUT  ZERO,  MS . .  3.597-01 

MfUBTN  MOMfWT  ABOUT  ZERO,  MA .  A.699-01 

MINIMUM  . . . .  A.  339-01 

MAXIMUM  VALUE  . .  S.48Z-0t 


secono  moment  about  zero,  m?  .  . 

THIRO  ROM^AT  ABOUT  ZENO,  Nj  .  ,  . 
FOURTH  MOP  CRT  ABOUT  ZERO,  m  .  . 


NfRIMUM  VALUE  ......  # 

MAXIMUM  VALUE . *  .  ’  * 


AT3 
4.714-01 
I.  J90-C* 
A.449«0* 
-1.200 «0I 
1.00 A«OI 

1. RAJ-02 
-S.Mm-03 
1.R04-OJ 
LUH4 

A.ATM1 

3.374-01 

2.474-01 


U 874-01 
0.9)0-02 


‘ftfiill-A'r  ■ 


_ 


B  .  24 


■  :  U  On  Of  POSinvt  h/fxim.  * 

«i ,  l  OxO I  NO  conoi i IONS 


TL 


P 


0  ■  Hf  M*.  i  CN.  ‘ 


STai:  •-.T  JCAL  PAHA*' 

-  M  . 

cr  ?Aw#»tE  walui  s  .  .  .  .  . 

1030 

AAiTHHtl  !  C  n-  A*  f  AL'i 

.  ni  .  .  . 

*  .  . 

... 

». *21-01 

.tAN^AA"  C  Vl*tli*4, 

.  .  . 

■  .  • 

7. AST-02 

orf  !CI  .M  r  ¥A«T»r 

•Fj,  •0/1  . 

... 

.  .  . 

1  .0  A  3*0 1 

cocFTicicm  or  srcyw-L 

SS,  K 3/  S* •  3 

... 

.  *  • 

3. 72  3-01 

C"Crr  ICU4T  OF  CXCCIS 

,  *4/4*  *4  . 

.  .  . 

.  .  . 

-1.704-02 

;*  C'J*ia  c*  a  rptt  «-»•«: »fr 

t  CL-  ... 

.  .  . 

... 

•. 020-03 

c*ntp»l  no****!*. 

C  3  .... 

.  .  . 

.  .  • 

2.41 1-0  A 

»  >0*  *«  r  *  A  IB  A  L 

,  r*  .  .  . 

.  .  . 

... 

4.43B-05 

*  :uA  TN  CU*LLANT,  A4=«C4-3*C2**:M 

•  *  * 

.  .  . 

-3.000-07 

.'CONS  WON  {NT  AB-Jl/T 

'Ao,  n?  .  . 

•  .  , 

,  ,  . 

C.  1 73*41 

tMlAj  NOV  r  AT  A10UT  f’ 

PC,  **3  .  .  . 

•  •  . 

.  .  . 

A.91A-01 

r  CUATH  **0A£NT  ABOUT 

'  *0,  *4 

3.944-01 

•IN!  NUN  ¥■!'> f  .  .  . 

(.10  3-01 

•*A  *  I  ’U**  ¥  A  III*  ,  .  , 

.  .. 

4.  *02-01 

MAXIMA.  TP*  -  T  P  ■'  A 

AV 

f 

PtAK  PtRlOD.  TP 

ALL  LOAOING  CONDITIONS 


u. 


ALL  LOADING  r OND I T IONS 


1 

r  \ 


STATISTICAL  PA0AWC T c« S 


NUW0LA  or  «A>»PL-  ¥ALU*' . 

aATTMwCTIC  *r  Ai  ¥AL»1“ ,  *1  .  .  . 

STAtOtfr  C'VlATDNt  . 

cocrr tcicn r  or  taaiattcn,  m/i  . 
coefficient  or  skhmcs:*  K3/s**s 
coefficient  or  csccss*  ka/*«a  . 


SfCMO  CCAI0AL  ••ONfNT,  C3  .  .  . 
ThTNB  erNTfAL  •»0H«’NT,  C3  .  .  .  . 
rWMM  CtAKUL  NO  1C  IT  ,  CA  .  •  . 
F0URTN  CMACARTi  «A -<C A- J -C2- • 2» 


sr  CO  wo  worewr  about  2rAor  «c 
rwnp  WNTir  aHOaiT  *c*C»  ws  . 
fflUITM  wdNtwT  ABout  V*o.  m 


1  02  T 
A. 00  ?*0<» 
1.63  7*0  J 

2,443*00 

urnoi 

1.143*00 

2.6*1*09 
A.O'iA+OO 
2.sr»*oi 
A.  220*00 

1,064*01 
1.013*0? 
C. 204*02 


IT  AT  IS  T  ICAL  »**<»*■£  f  CA' 


NU"0' [.A  V  'AWTtr  ^i|!S . 

AAlTHNDlC  W>  AN  OlUt  .  VI  .  .  . 
3TA*>A*0  CttflATINd,  . 

C'Jir'ia  m  or  otun'N,  ni/s  . 
cocrriciM  or  3»ruwr ;<,  *3/s**s 
crrrrici  %»  or  r:«crss.  m'vm  . 


icca/jr  a  i«rt  wnwcn*.  c 2 
1*1*1  C.  V*  AAA  NO***  *iT»  c  3 
'  H*n  (* 

ru»U.AWT,  M:(CMT 


VCOIO  *«3*f*'T  AftciilT  ”  *">  • 
THlRj  No*  AT  *'»OUT  .VAC, 
rrtm-i  njnint  ah  >ut  ’>  «o. 


"WP 

MAltWU» 


9N« 


I.92VI0 

1. ioo*ot 


103t 
3.0N4«C8 
1.2*34  *08 
2.464*4)0 

1. /***«» 

4.U14I 

M7T<0# 

S.SSA«09 

1.912*01 

1.146*01 

1.1 14*01 
0*7  07*01 
i.A42*01 


UTUNf 

1.II0NI 


FRACTION  OF  POV.  Mvf  ^ax;«a  a 
RALLAbT  CONDITIONS 


Oi»N  ubiOHi  r  bo 


STATISTICAL  RARANCTERS 


nunbcr  of  ‘aapl:  value? .  55* 

aritAnTtic  near  valuc«  *i  .  7.bsi-oi 

ITMBMD  DEVIATION*  s  . I.UMt 

aonaiiT  or  variaticn,  n/5  .......  MM4( 

CBCPriauT  m  sxnmcsst  kvs**3  . 

COCTTICICm  or  EXCESS,  «4/S*-4  .......  *S.«|VI1 

Sf COHO  CERWAL  NONE NT,  C 2  .  7.75N-OS 

nano  ciotral  hoaoit,  a .  lhh< 

fwuktm  ciihil  noncirr,  c«  . .  •  •  •  mtm* 

rrirni  cormaot*  «4«<cvs*c2**2i  ......  -s.Mi**r 


SECOND  WOP  Ei»T  ABOUT  ZERO,  A 
THIRD  HOHCfcT  ABOUT  ZERO*  NS 

Mw  mm  an  admit  zzm,  n 

V  i‘ 

.jjtriHUNjrAiuc..  .  .  .  . 

W Alt HUN  VALUE  .  .  .  .  .  .  . 


4.218-01 

4.904-01 

«.HM1 


MIH1 

4.R02-O1 


•  R  I  GO  OF  POSITiVt  MAXIMA.  TP*  =TP/A 

n  A  L  L  A,  I  CONDITIONS 


i 

I 


si  i  oho' 


AV  PEAK  PERIOD.  TP 

BALLAST”  CONDITIONS 


f  r*VD5 


STATIST  !C»L  R  A*  A  4  T  *R 


STATISTICAL  paraictws 


HURrt'R  >«  'APPLE  VALU"  5 . .  554 

ARITHNCMC  ***A«f  VALUE*  *»l  .........  *.304*00 

STANDARD  r  f  VI  AT  ION »  S  . .  1.332*00 

rt-Ft  [Cl  M  r  VA  R I  AT  I  C*i »  H)/-, .  2.480*00 

CCtrriCI-  AI  **F  SR  CURLS',  RV-..-3 .  2.129*00 

c***  of  id  "  a  r  rr  txcrss,  R4/s*»4  ..«••••  7.212*00 

r  »  tp  s  ■  N.iN“*,Tf  r-  .  1.794*00 

fn:n  r  itaai  i-ht-it,  o . .  *.osi*Oo 

FOURTH  CLA1RAL  NONCNT,  C4  3.215*01 

FOURTH  CUNU.  ANT*  K4  s  «C  4-  3-C?  •  •  2»  ......  2.271*01 


I'COj’i  4>N-'1»  ATi >UT  C 

THtRn  »T  AOOUT  ?iHC«  43 

<r[)»T  I  <•■»«  NT  AOrtUt  * p  I  » »  N4 


1.244*01 

••042*01 

2.331*0? 


NON  OCR  OF  SA^LE  VALUES . 

ARITHMETIC  HEAR  VALUE  i  N1  ,  ,  . 
STANDARO  OEVIATION*  S  .  .  •  .  . 
COEFFICIENT  OF  VARIATION*  f  *%  . 

COEFFICIENT  Of  SKCHALSS*  K3/S**3 
COEFFICIENT  OF  EXCESS*  K4/S**4  . 

SECOND  CENTRAL  NONE  NT »  C2  .  .  . 
THIRD  CENTRAL  NDN^RT ,  C3  •  ■  •  . 
FOURTH  CENTRAL  NRNENT*  C4  .  .  . 
FOURTH  CURULANT*  N4  =IC  4- 3*C2*-2> 

SECOND  NOR  ENT  ABOUT  ZERO*  H2  •  . 
THIRD  NONEAT  ABOUT  *CRC»  NS  .  .  . 
FOURTH  N0N(WT  ABOUT  ZERO*  H4  »  . 


VI 
2.404*00 
*.844-01 
3.1 02*08 
2.524*00 
".8 20*00 

4.4T1-01 
1.31 4*08 
4.414*00 
3.350*08 

4.874*08 

2.144*01 

*.052*01 


NtNtNUN  V  A  LIP 

VA('J 


14H4I 

1. 30  0*01 


MINI NUN  VALUE 
NAXINUN  VALUE 


% 


1.745*08 

7.234*08 


B,  26 


^  RA  r  t  l  On  0^  P  0  s  !  T  I  V  t;  MAXIMA.  A 
*  J-.  -  LCAP  -CAiC  M  IONS 


0 1  Ml  NS  l  CNi  {  ss 


STATISTICAL  DaIM**  JrP~ 


NUMBCB  Or  IAMPLC  VALUE* . .  ATS 

ABI  THNCf  I  C  MTAN  VALUE  ,  Ml  •  ••••••••  T.ttS-41 

STANTABO  CEVl ATION,  *  .  S.STV42 

c<'cf*r i ci : mi  ur  VARiATicri,  nj/s .  uaai*bi 

cfcrrrcr^Ai  or  sr^wrs*,  rvt-.s . « 

C«rrr ICIC  A 1  nr  *irrss,  x*/V*« .  2.17^1 

SECOND  CtNTNAL  MOMENT,  C2  •  •••••»••  S.UMS 
TMTBO  CCNTIUL  MOMENT,  C3  ..........  ).|41<44 

rCUPTH  CEN1AAL  MOMENT,  C*  .  UUMS 

muMTM  CUNLLANT,  r%s  <C  ♦-  *  *C?  •  •  2»  ...... 

secchd  moment  amuut  ?r»o,  . . .  t.t2V4t 

TH1MO  NONE  AT  ABOUT  ZtNC,  *3 . .  4,11*41 

F  CUM  TM  MOMENT  ABOUT  EC  BO,  MA  MIMI 


MX  a  I  bum  VALUL  . . .  .  .  .  l.liMl 

MAXIMUM  V AlUl  . . . .  •  MtMl 


PERIOD  OF  POSITIVE  MAXIMA.  TP*  • TP/A 
FULL  LOAD  C0W01U0HS 


AV  PEAK  PERIOD.  TP 
FULL  LOAD  fONDlMONS  k 


ST  A  fl  S  7  IC  AL  PABAMCrrM- 


STATISTICAL  PANANIT EMS 


HUPOCB  or  SABPLC  VALUC?  . 

♦73 

ARITHMETIC  MEAN  VALUE,  Ml  .  ,  . 

ST1NDAW  tWlTTON,  M  . 

1.5«N*O0 

c^frrtciEMrv  vAMtuui,  mi/-.  . 

3  .0  JA  *t  A 

cocrricictT  or  smeumcsj,  «/s*-3 

1.CM241 

cvciTiam  or  excess,  ka/s**a  . 

-M2HI 

SECOND  CCATBAL  MOMENT ,  C2  .  .  . 

2.MT40 

’nmnrecNTfu  Mot^nr,  cs  .  .  .  . 

r«WTH  t:*TH«L  .''Hit.  e«  .  .  . 

l.TA’Ol 

rOORTN  CUM  11.  A  VT  ,  KA*ICA-3«C2**2> 

-  l.2TM*tO 

SCCt MO  MOB! NT  ABOUT  ZE«0,  *?  .  . 

2.N7041 

TMl MO  ««MC»T  ABOUT  Z'MC,  M3  .  .  . 

l.VJ  **B2 

EWBT«  VBVTNT  AMOUT  Zr»0*  NA  .  . 

*.3T  -«02 

MUMm:B  or  SAMPLE  VALUrS  .  .  .  ,  . 
APJTHMCTXC  MEAN  VALUE,  Ml  .  .  • 

iTANSABD  OtVlATIOM,  S  . 

cc«tmci:nt  or  vamattcm,  m fs  , 
C'^FTICICBT  or  skewness,  kvs**i 
c^ErricirNi  or  excess,  *♦✓*••♦  . 

>:C»NO  Cr ATB  AL  NONTtfT,  C2  .  .  , 
THIMO  Cl  VT  AAL  MOMENT ,  C3  .  .  .  . 
FOUBTM  CCMTMAL  MOMENT,  CA  •  •  • 
F TUB TM  CUMULANT,  KA*<CA- 3-C2**2» 

SECOriO  MOMENT  ABOUT  'T AO ,  M2  .  . 
THIBO  MOMCAT  ABOUT  ZENO,  MS  •  •  • 
r*UNTH  MOMENT  ABOUT  .'EBO,  MA  .  # 


«n 

).7U«M 

U2UNI 

MU«M 


1. AU4A 

2. U14I 
T.TIIOI 
UKIOI 


MM42 


MINIMUM  VALUE 
MAXIMUM  VAllN 


t,Sii  »w’ 


r;;^f^V^liTi!ai  irf  a  -• 


MINIMUM  VALUE 

maximum  VALUE 


2.ATM40 

I.BIJ-Bl 


PROBABILITY  OERSlTt 


K  I'lRIGD  DIVISION  RATIO. 
LOtllNG  CCNDI  T  IONS 


IS)  /  (Tfi-TS) 


ZERO  PERIOD  DIVISION  RAT ! 
ALL  LOADING  CONOI T IONS 


< '  7  '  S '  /  i  T  H 


I  Lon.  n 


STATISTICAL  PARARrTENS 


STATISTICAL  PARAMETERS 


NUMB T A  Of  JAMMU  VA  LUC  $  •  *  .  «  • 
ARITHMETIC  WEAR  VALU'.’.  H  .  -  • 
3TAROAHO  CfVIATl«»t»  0  .  .  .  .  . 

c*'rricr.Ai  variattch,  n»/s  . 
coefficient  or  sKEUNrs*.  «a/s**s 

COCFT  TCI  l  AT  OF  EXCESS*  K4/S»*4  • 

VCOHO  CATRAL  MOMC'IT*  C 2  •  •  • 

FH  HIO  CTNTRAL  MOHCMT,  Ci  .  .  •  « 
rruATH  CrtTfllL  MT  ,  C.A  .  .  . 

FOURTH  CUWU. art,  K4?<C+-3«C2«*2) 

SC  COMO  MONCNT  ABOUT  ZERO*  M2  •  « 
THIRD  ROBERT  ABOUT  ?ERC.  NT  •  .  « 
fourth  rorcwt  ah«ut  i:ro*  ma  •  « 


MINIMUM  VALUE  •  .  . 
MAR1NUM  VALUE  •  •  • 


PEAK  PER  1 00  DIVISION  RATIO. 

BALLAST  CONDITIONS 


IBS* 

1.301-01 

1.  314-01 
B.R03-01 

I.3MNI 

2. U0NI 

I.  726-0  2 

J. tt'2-03 
1.537-03 

LOM4 

VM64I 

1.245-02 

;.w-ir 


NUMRC*  OF  3 AMPLE  VALULS  . 

ARITHMETIC  MEAN  VALUE.  Ml  .  .  . 
STAMOARO  OCV1ATION,  S  . 

cooviaiii  or  varxatim*  m/s  . 
cBoruuii  or  snmtti  ics/s-o 
ctorianT  m  aaat  m/vm  • 


199V 

2.F12-01 

MS4«M 

-4.117-02 

•1.21KVI 


rr—  avwc  more  or,  ci  •  •  • 

raw  cnmuE  HWi  a  •  •  •  . 

FOURTH  CCRTRAL  MOMENT ,  C*  .  .  • 
FOURTH  CUMLLAMTt  M4«<C4-3*C2« -2» 

SECOND  MOM OfT  MNT  ZERO.  IB  .  • 
tmxro  —  — rt  zero*  ns  •  .  • 

FOURTH  RMMMMI  Mi'R  •  • 


NIRINUM  VALUE . 

inn—  vAuftV*  .  •  •  • 


7.  ISA-02 
-•.03-04 
4.4TW1 
-4.55R-0  3 

3.  40  V- VI 
2.940-01 
1.040-01 


1.24A-02 

4.909-01 


(T  TS)/(TBTS) 


ZERO  PERIOD  DIVISION  RATIO.  (TZ- TS> / (TB-TS) 

ballast  conditions 


PRC9«f»i  L  I 


B .  28 


PEAK  PERIOD  DIVISION  RATIO. 

FULL  LOAD  CONDITIONS 


(T  TS)  /  (TB~  TSJ 


Q  % 

dinensionlcv* 


ZERO  PERIOD  DIVISION  RATIO. 

FULL  LOAD  CONDI T IONS 


( T  Z  -  TS)  /  (TR  IS) 


STATISTICAL  FARANCTENS 


sTaTTsTiCal  paraf:t:rs 


NUNNrR  or  «AHPL£  VAL.U 
ARITMNCTIC  NCAN  ¥  ALU',  t  'll 
STANDARD  DEVIATION*  S  •  •  • 
COCFriCIr*T  OF  VARIATION  Nl  'S 
coefficient  or  skevness*  K3's- 

COCFriCILNl  OF  C»CC-Sf  K  A  /*»•  •  * 

•■iCCONO  rrHTRAl  N1NC3T,  C2  • 
THIRD  a  H  r  A  AX.  nOHCNTt  C3 
FOURTH  CENTRAL  NONCNT,  CA  •  - 
FOURTH  CUNULA**,  M  ztC  3*C2»«2> 

SECOND  NON  ENT  ABOUT  ZERT*  Nl  • 
THING  NONEAT  ABOUT  ZERO,  H3  .  • 
rnORTM  NDNIN7  ABOUT  .‘*r‘  R  1 » 


NININUN  VALUE 
NAAINU*  VALUE 


ATS 

1.839-Sl" 

l.ASV-01 

1.272NI 

1.UI4I 

&.35V-0I 

2*110-4? 

3.3HHI 

UUH) 

2.0A7-OA 

S.UH2 

3*573-03 


U 330-02 

T.m-oi 


NUMBER  OF  lAIVLC  VALUES . 

ARITMNCT  I C  MEAN  VALUE »  NT  .  .  . 

Tffismrt  HATTON.  . 

twrvterrifT  or  Variation  urs  . 
OKWiatNI  or  SKEWNESS*  K3FS-«3 
CDPTiaCIl  or  EXCESS*  KA/S**A  . 

SECOND  CERI1AL  NOHENT*  C2  .  .  . 
fMlXo  CENTRAL  NtiHCNT*  C3  .  .  .  . 

TWftiTtfXWAL  VTHniT,  ca  .  .  . 
FOUNT*  CUNOLANT*  XA»CC  A-3*C2  “  •  2» 

OCCOND  NON  COT  ABOUT  ZERO*  02  •  . 

TMIRO  NONE  AT  ABOUT  ZfftC*  «  .  .  . 

roqywr'NSwmT  as6ot  zero,  m  .  . 


ATS 
6.25A-01 
?• A3A— f 1 
2.361*00 
-3*831-01 
-KIAINf 

3.923-02 
-3,  326-0  3 
A*  TO  1  Hi  3 
-3*331-03 

A, SO 2-01 
3. SC  3-01 
2*8  AS-0 1 


8*669—02 

$■  773-01 


B.29 


STATISTICAL  PARAFTTCRS 


STATISTICAL  PA*ARfU*S 


HUMBCft  (jf  ^AHPLC  VAUT  S . 

ARITHMETIC  MTAN  V  ALU~  •  41  .  .  . 

ST AMO A  ID  deviation.  s  .  .  .  .  . 
cocrnaitT  or  varzaticn,  d/s  . 
coefficient  of  sxrwwrss,  k3/s««s 
COEFFICIENT  or  •:* ccss*  . 

SECWO  crsiii  RourMT,  c?  .  .  . 

THIRD  OEITML  NMHCMT •  C3  .  .  .  . 
FOURTH  CENTRAL  MO  DIRT*  Cl  ... 
DDTN  CUPULA  NT. 

"ggg NO  MOMENT  ABOUT  23  00,  NJ  .  . 
THIRD  TSSlEVf  ABOUT  ZElft.  MS  .  •  . 

riMMtn  mmmt  about  km.  m  .  . 


T3S 

C.6AA-0  1 
l.To  5*00 
3.727-01 

t.str-ot 

3.TJT<0 


RMCJt  00  I AMFLf  VALUES . 

ARITHMETIC  MO  All  VALUC,  Ml  .  .  . 

ITARRAO  OIVIATIOR,  S  . 

t  OtFFICIiMT  OF  VARIATION  ,  R1/S  . 
C0CFF2CIKNT  OF  SKtHRESS,  I.Vl«! 
CHMKIIVT  Bf  EXCESS,  K4/S**4  * 


•.l70*CC 

;.sa«*oo 

7.007*01 
3. *74 -01 


(•COMO  CtMTRAL  MOMCNT «  C2  .  .  . 
TRIM  CENTRAL  NOMtNT.  C3  .  .  •  . 
FOURTH  CENTRAL  MORIRT ,  C4  .  .  . 
F"duitH  TUMUCaWT ,  R4*{C4-3*C?**?) 


402 
*4 .053-01 
2.001*00 
-2. 4R7-01 
3.204*00 
5.024*01 

4.031*00 
4.277*01 
1 .012*03 
0.430*02 


3.41'.  *00 
l.C5S*CI 
8.844*01 


S'OCOMO  ROMKRl  ABOUT  ZERO,  ft}  • 
TMXBO  MOUNT  ABOUT  1(00,  MS  .  . 
FOURTH  NON KMT  ABOUT  2100,  N4  . 


4.744*00 

3.432*01 

0.233*02 


-«.126*00 
1.0  41*C  1 


nSMINBM  naluc 

NAMMUM  VALUt 


•3.233*00 

2.573*01 


NORM.  I  <  TP!  Mf  0"  Bf  NGtNG  STR[  SS. 
a.  .  i  p.agimc-  •  ?»id;  T 


Oil*  NS1C»:.«  SO 


STATISTICAL  raramcuos 


MIDBIO  Of  SANV4C  VALUES  . . .  S40 

a  ox tnri tic  ncam  value,  mi  . .  3.204-01 

STAROAOO  OCOIATfOB,  S  .  .  1.203*00 

COCFFIClfHT  Of  VA4IAT9BM,  Ml/S  .......  2.340-01 

C  Off f XCICMT  Of  SRCUMCSI,  »3/S**3  ......  1.500*00 

COt  Ml  CUNT  Of  tXCISS.  N4/S**4  .  . .  5.433*00 

•(COMO  CCMTOAL  BOMIBT,  C2  .........  1.504*00 

TNIOO  CCMTNAL  MOMENT,  C3  *  .  3.042*00 

FOURTH  CENTRAL  MOUNT,  C4  .........  2,140*01 

fOUOTH  CUOMANT,  A A* It *-3*C 2**2 >  ......  1,784*01 

8 (COMO  MOMfBT  ABOUT  »■«,  H2  . .  1.404*00 

flDBO  HOBBIT  ABOUT  1(00,  f3  . .  4.547*00 

FOURTH  MOMfMT  ABOUT  1(00,  M4  ........  |.*1ft*01 


MINI  HUM  VOUK  .  . . . . .  -3.414*B# 

MAIIMMM  VA4.Nl . .  1.443*00 


NORM .  E  X  TRlMt  C-t  BLND1NC-  GTF!Vo. 

AU  LOADING  rONOl t IONS 


*>  » ■) 


DIT  RSI  vl  r  S'. 

STATISTICAL  paramct tr*-* 


NUMBER  Dr  SAIRPtX  VALUES  ....  . .  SAC 

ARXTHMai  C  HEAR  VALUC  i  M  .  7.479-01 

STANDARD  DEVIATION,  T.  . . .  1. 247*49 

cocmci'RT  or  variation,  D/s  .......  2.1*1-01 

cotrrtcitRi  or  snchrcss,  h3/s««3 .  1.404*43 

COCFFlaCRI  or  IlCtlS,  K4/V*4  .  4*009*08 

SECOND  CINTNAL  NPMERT,  C2  .........  1 .993*09 

THIRD  CENTRAL  MOMCNT,  C3  .  3.244*09 

FOURTH  Cl  R INAL  MONT NT  ,  C4  .........  2.288*01 

FOURTH  CURIA- AWT ,  X4*(C  4-3*CZ  -  »2»  ......  1.4’IHI 

SECOND  MOMENT  ABOUT  UNO.  MB . .  1.424*03 

TNI  NO  HOME  AT  ABOUT  2fR0,  MJ  .  .  »  •  .  •  ,  .  .  4.909*08 

FOURTH  MOMCNT  ABOUT  2i  40,  . .  2.9*9*01 

MINIMUM  VALUE  .  .  .  .  .  .....  -4«14**00 

MAXIMUM  VALUE  .  .  7. *13*09 


1  .*  x I R t ML  0*  TOTAL  STRESS. 

r,i  tr.NnmrjMs 


HALF  RANOL 


NORM -EXTREME  OF  SPRINGING  STRESS.  HALF  RANGf 
BALLAST  CONDI TICNS 


O'*  NS ’ON.. 'S', 


STATISTICAL  P*Pfc*.  T  .RS 


STATISTICAL 


Wj*f>C«  OF  ?ANPLE  VALUES  -  .  -  .  • 
ARITHMETIC  «r AM  VALi.1.  Nl  •  •  • 
STANDARD  OCYIATIOM.  S  •  •  •  •  • 
CMCfriCI'MI  or  VARIATION*  ^l/s  • 
cocrricnit  or  skchncss,  «/s*o 
OOEfT  I  CI  -I  NT  OF  EXCESS,  K4/S*,«  . 


34* 

3.74N-01 

2.406-01 

1.979-01 

2«M1*0I 


NMII  07  1MSLI  VALUCt . 

AA1TMRCT1C  RCAR  VALUE.  N1  .  .  . 
>W*M»I  MTIATISM.  S  ..... 
C0C771C1CRT  or  VARIATION,  M/S  . 
CNM1CSIIT  «r  IX  (MUSS.  KS/S**5 

cturicun  ov  iscsst,  »*/»•**  . 


SECOND  C'MAAL  M'CRT,  C“*  •  •  • 

THIRD  CFNTRAL  MOHJ_NT,  C3  .  .  .  • 
FOURTH  CENTRAL  MOMENT,  C«  .  .  • 
FOURTH  CUMIA.ANT*  K4t«C4»3*C2**2> 


2.23S*00 

S.^U-01 

2.4*9*01 

1.194*01 


stc»it  <wrm  borcrt.  ti  .  •  • 

TRIM  CENTRAL  RBWIRTTcS  .  .  .  . 
FOURTH  CMT9AL  RCNfNT,  Ci  .  .  . 
MWTS  C1MURT,  It*(C4>)*C2*«2) 


SCC  OHO  A  OH  HIT  ABOUT  Zt  AO*  K2 
THIRD  HONE  AT  AiWUT  2LRC,  *3  * 
fourth  moment  about  zero,  n» 


bSHHI 

_  U2U+A 


SKCOBR  MB  CRT  ABOUT  Hit.  H?  •  • 
TRIM  WBggBT  ABOUT  ICAO,  B5  ,  .  . 
FOURTH  IWUH  ABOUT  1IR0.  BA  .  . 
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-•  .ASS-01 
1 .447*00 
-5.8*4-01 
1.505*00 
2.410*00 

2.095*00 

5.950*90 

2.574*01 

1.057*01 

2.905*00 

-2.005*00 

1.942*01 


ACMlfRS*  VALUE 
RARimiR  VALUE 


.  .  .  -0.471*91 


N#|MIP  VAeBI 

haxxhuh  oalm 


-5.255*00 

5.555*00 


NORM  *  XT  RE  ME  OF'  BINDING  STRESS  • 
BMLAST  CONDI ’TONS 


C1N»  MS  *  TV.  ‘ 


NORM. EXTREME  0^  BINDING  STRESS. 

BALLAST  CONDITIONS 

*•*  1  NEGAT  I  Vf  AMrl  1  '  UDf  S 


STATISTICAL  RARABCTC4S 


STATISTICAL  PAMNCTCftS 


M9CI  97  1  ARBI  I  VALMS  •  •  •  . 

autbuctk  bcab  taluc,  ri  .  . 
t  taMaAa  BCVIATIOB.  I 

tamtiut  *r  >nloif*r,  .*/» 
cMfrxinrr  ir  mum,  •]/»•• 
cotruuur  ••  «««•*.  «*/»••» 


505 

t.mm 

■ctwt 

1.5*5.00 

l.(1t<« 


mjmit  uoru  ntwts  ...... 

MIIHNC11C  K*«  »M.UC,  *1  .  .  .  . 

■nni.  ctnouo*.  s  . . 

cocrrictcoi  or  *»hj»tio»,  m/s  .  . 
eternal  ti  *r  umcsi,  *v«--s  . 
MrrimiT  or  rrerts.  ««/*>•«  .  . 


1 OCOOO  COOTOM.  nouli  t>  •  •  • 

(an  ctoTOju.  ooornr,  ci  .  .  .  . 
room  ciarooi  Mmol,  c*  • 
IMS  WOMB. 

toiM^Onn  oooor  nn.rf  •  • 
moo  mm  ooooi  i  •»*.  w  .  .  . 
room,  mm  oooor  woo,  no  .  . 


1.2*0*00 
1.015*00 
1.005*01 
5. *41*00 

r.f5Ti» 

1.753*00 

1.121*01 


9CC9N0  CEA1BA4  MANS  AT »  M  *  *  •  • 

TNI  AO  ailMl  N0M3U,  . . 

FBMTN  CtlUl  WKITi  C4  •  •  .  • 
F9RTN  eiCtlfTi  MHCWHlMti  . 


THIRD  MBS**  ABBUT-4CM*  41.  .  .  • 
F9NRTH  ROMIT  ABOUT  ZERO,  IB  .  .  • 


MS 
R» 542-91 
1.197*99 
L.  9*9-9 1 
1.493*91 
4,39**99 


1.434*94 

loTSHCI 

1.992*91 

•*95T4« 

1.4*4*94 

1**51*44 

1.799*91 


:sss  asi 


■ 


STATISTICAL  MAOAMfTfAS 


STATISTICAL  MARAMETERS 


Ml****  Of  IMKI  VALUf* . 

A  •!  TNHCTlC  MM  VALU1.  Ml  .  .  • 

STAMOARO  0IV1ATI0M,  S  . 

COCfflCIIMT  Of  VARIATION,  Ml/S  . 
COCfflCKMT  Of  SVtUftlSS.  XJ/***5 
COCTfICXKMT  Of  CICCSS,  «4/»**4  . 

SUOMO  CCHTAAL  MOM f Ml «  C2  •  •  • 
THJIA  CIMTAAL  MOMCMT ,  C*  •  •  •  • 
f  out TM  CCMTOAL  rOTCMt,  c*  •  •  • 
fOUMTN  ClfMULAMT  ,  «4*  C<4-3*C?**M 

SfCOMO  MOMIMT  AOOUT  tCOO,  f?  .  - 
T Ml AO  MOMIMT  AOOUT  CCA 0,  MJ  .  .  « 
fOUATM  MOMfMT  AOOUT  ICAO,  ML  •  . 
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4.109-01 
1. 41)^00 
2.001-01 
1. ?35*00 
1 .490*00 

2.001*00 

4.940*00 

3.104*6* 

2.1IW 

2.101*00 

0.002*00 

4.228*01 


-9.418*00 

8.099*00 


UUMMCM  Of  4AMMCC  V«  LU-_*  .  .  .  .  • 
ARITHMETIC  NCAN  VALUE.  *1  .  .  . 

S  TAMO  AMD  OtVl  ATIOM,  S  . 

cxrvieum  or  variaticm.  . 

cocrricit.ni  or  skevmess,  R3fs**3 

COEFFICIENT  OT  EXCFSSt  K4/S»*4  . 

SECOND  C-  MlMAL  mmmen T,  C2  .  .  . 
THIRD  CENTRAL  MOMENT.  C3  .  -  .  • 
FOURTH  CEMWAL  MOMENT,  C4  .  .  . 
FOURTH  CUIH8-AMT*  M «fCO-3*C2**2l 

SECOND  MOMENT  AOOUT  ZERO*  «  •  • 

THIRD  NON  EOT  AOOUT  ZERO*  N3  .  .  . 
FOURTH  MOMENT  AOOUT  ?* ROi  NT  .  • 


MINIMUM  VALUE  • 
MAXIMUM  VALUE  • 


HI 

3.  *04-01 
I.  304*00 
2. 900-01 
1.T11NI 
MKNf 

1  .TOO  *00 
M«NJ 
3.000*01 
2.1*0*01 

l.T*2*0* 

3.430*00 

3.ST0*0I 


T. *13*00 


»  i*j rim  vALUf 
maximum  valuk 


B .  3  2 


FATIGUE  FACTOR.  L  AMBOA  *  M*  3 
AIL  LOADING  CONDITIONS 


Otrtf  RSI  0*1 7  SS 


FATIGUE  FACTOR.  LAMBDA'  MM 
ALL  LOADING  CONDITIONS 


C  »  2  3  4 

OININSIORLFSS 


STATISTICAL  *A«U'«<-T  CRS 


STATISTICAL  FARARCTCRS 


WUM0CR  OT  IAHFLF  FA  LUC  S . •  •••••  1027 

AN ITHHETIC  NCAA  VALUC.  HI  •  •••••««•  1.135*00 

STANDARD  C  l¥l  *7  1 0 m .  3  . .  !. 420-01 

CWtClrRl  or  VAMAT; r*( ,  hi /S . .  .  3,3lD*00 

cnrrrrcl:Af  or  SK'yarss,  K3/S--3  .  .....  3.414*00 

CCEFTICItRl  OF  CKCCSS.  K* /%*•  .  1.361*01 


ounwr*  Of  «anpl:  Valu.s  .  .  .  .  . 

ARITHMETIC  REAR  VALUT  *  HI  .  .  . 
ST  AMO  AH)  OCTIATTOR,  S  . 

coerr  i  cum  of  variaticn.  «/s  . 

cocFricicm  <r  skcuhcss.  *3fs*-3 

TBtmcrrn  y  rretso,  ** -4  . 


102» 

¥•694-01 

2.069-01 

3.171*00 

4.271*00 

2.194*01 


SCCOND  CENTRAL  RONCRT.  C2 
TMIAO  CCRTFAL  HON TNT*  Cl 
froRTH  Cl  MR  AL  NrtM“*T  .  r4 


r CUR TM  CU"LLA»;T*  «4  =  IC4-1*C? 


1.170-01  SC  COHO  CCA  VIAL  RONE  AT,  C2  .  •  . 

1.36  3-01  THIRD  CENTRAL  RON  CRT,  C3  .  •  •  . 

7.2T3-UI  FOURTH  CENTRAL  NO RENT,  C*  .  .  . 

1**63-01  FOURTH  CURU.ANT  i  «4=  CC  4- 3*C2  • -2  > 


E. 210-02 
1.009-01 
1.697-01 
1. 449-01 


SFCONO  HO ••  f NT  AH.iUT  2'Rd,  H? 
THIRD  RONE  AT  A4QUT  JCRC.  43  • 
r  CURT  H  Nj«J*)T  49  *UT  V  F>»  44 


i.409*oo  smwniDFniT  ar*ut  h? 

1.997*00  THIRD  ROHE  AT  AOQUT  2CRC,  N)  . 

2«4Q**00  FOURTH  ROR(HT  ABOUT  ZERO 1  44 


1 .0 19*0C 

1.2  34.00 

1.441*00 


•IRIHUP  VAIUT 
44II9U4  ¥AlUr 


5.104-01  RIHRUR  YA  IUT 

3.629*00  R1VIRUR  VALUE 


f. 221-01 

J4-»0  » 


fatigue  factor.  LAMBDA'  M*3 

BALLAST  conditions 


D INC. RSI  O'M  SS 


FATIGUE  FACTOR.  LAMBDA*  MM 
BALLAST  CONDITIONS 


STATISTICAL  FARAhCTCRS 


STATISTICAL  FARARCTCRS 


RUDDER  or  «A«H*LE  TIL'K? .  WO 

ARITHMETIC  AFAR  VALUE  .  41  . .  1*227*00 

STAMOAOD  CCOlFTIOHt  S  . .  4.313-01 

COCFF  tCIt  01  OF  VARIATI CM  ■  W /S . .  7*444*00 

COEFFICIENT  OF  SK CURES 3.  K3/S**3 . .  |«US4I 

CNfFMCIMl  9r  r*CM5,  K4'>*4 .  0.747 *00 


HURITW  Of  !MPLC  OALUrS .  994 

MI1DRIIC  REAR  VAUIC.  Rt  . .  1.010*00 

STAMARD  VWlATIDDt  S  .  !. 721-01 

eoanacvT  of  mhati«r«  m  rt . .  2.739*00 
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